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National  Technical  Information  Service 

Center  for  the  Utilization  of  Federal  Technology 


The  Complete  Guide  to  U.S.  and  State  Government  Business  Help 

For  New  and 
Growing  Businesses 

SECOND  BIG  EDITION! 

Directory  of  Federal  &  State  Business  Assistance- 

A  Guide  for  New  and  Growing  Companies. 


Your  guide  to  sources  of  financing,  technical  information, 
planning  and  management  know-how,  procurement,  and 
marketing  assistance.  Order  this  book  today! 


Describes  180  Federal  and  more  than 
500  State  Programs 


You  get  the  information  you  need 
to  directly  contact  hundreds  of 
Federal  and  State  sources  of 
business  assistance: 

•  Full  summary  of  services  offered 

•  Telephone  number 

•  Mailing  address 

•  Eligibility  requirements  (if  any) 

Take  advantage  of  these  programs 
designed  to  help  U.S.  businesses 
compete  effectively  in  domestic  and 
international  markets. 

Some  of  the  programs  listed: 

Dept.  of  Commerce  Export  Licensing 

Bureau  of  Labor  Statistics  Prices  and 
Living  Conditions  Office 

Federal  Grant  Data  Center 

Small  Business  Answer  Desk 

Florida  Product  Innovation  Center 

Iowa  Small  Business  Loan  Program 

Michigan  Biotechnology  Institute 

New  York  Direct  Loan  Program 

You'll  learn: 

•  How  to  get  funding  for  your 
company's  R&D 

•  Which  states  provide  venture  money 

•  How  to  take  advantage  of  free 
export  assistance 

•  What  Federal  and  State  contacts 
offer  free  management  and  procure- 
ment consulting 


•  Where  to  get  mail  lists  of  potential 
overseas  business  buyers 

•  Where  to  find  evaluation  of  energy- 
related  inventions  or  engineering 
help 

•  How  to  get  help  in  selecting  a  site 
for  your  manufacturing  plant 

•  Where  to  find  customized  economic 
impact  statistics 

and  much  more. 

Federal  Offices 

Want  to  Work  with  You 

The  180  Federal  entries  selected  for 
inclusion  are  arranged  by  agency. 
Discover  sources  of  help  in  exporting, 
patent  licensing,  procurement,  locating 
wage  information,  obtaining  loan 
guarantees,  finding  marketing  infor- 
mation, plus  much  more.    A  handy 
index  lets  you  quickly  locate  just  the 
Federal  resources  you  need. 


States  Want  to  Assist 
Your  Business 

States  know  that  strong  businesses 
mean  a  strong  economy.    Services 
described  include  venture  financing, 
planning  help,  product  marketing,  em- 
ployee training,  exporting  assistance, 
site  location,  technology  development, 
and  technical  and  management  infor- 
mation. 

Every  effort  has  been  taken  to  make 
this  Directory  a  valuable  working 
resource  to  assist  the  growth  of  your 
company. 


TO  ORDER: 

ASK  FOR  the  Directory  of  Federal  & 
State  Business  Assistance  -  A  Guide 
for  New  and  Growing  Companies . 

(180  pp.  ISBN  0-934213-10-0).  Refer- 
ence order  number  PB88-101977/ABH. 
The  price  is  $29  plus  $3  for  handling. 

CALL  (703)  487-4650  and  use  your 
American  Express,  VISA,  MasterCard, 
or  NTIS  deposit  account. 
Or  send  a  check  payable  to  the 

National  Technical  Information  I 

Service 
U.S.  DEPARTMENT  OF  COMMERCE 

Springfield,  VA  22161. 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one  to  two  page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight 
current  Federal  technology  determined  to  have 
commercial  or  practical  application.  Topics  cover 
new  processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 


Springfield,  VA  22161 
(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in  their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas , 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  — 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


•Page  number 


Tech  Notes  Title  List  for 
August  1988 


Agriculture  &  Food 

633  Fungi  Are  Key  Future  Sources  of  Safe  Chemicals 

634  Potato  Plants  Make  Their  Own  Insect  Repellent 
Software 

635  Computer  Model  Predicts  How  Tillage,  Fertilizer  and 
Crop  Residues  Interact 

Other  Items  of  Interest 

71 1        High  Tech  Sensors  that  Measure  Groundwater 

Computers 

636  New  Tools  to  Measure  Multiprocessor  Performance 
Software 

637  Hybrid  Applications  of  Artificial  Intelligence  —  This 
computer  language  couples  symbolic  processing 
with  compiled-language  functions  and  data  struc- 
tures. 

638  Instructional  Support  System  (ISS) 

639  Magnetic-Tape  Utilities  Computer  Program  — 
Access  to  magnetic-tape  drives  is  simplified. 

Electrotechnology 

640  Accelerated  Ions  Create  Semiconductor  Etching 
Masks 

641  HF  Broadcast  Antenna  Design  and  Validation 
Summary  Computer  Programs 

642  Portable,  Electronically  Controlled,  Integrated,  Self 
Contained,  Printed  Wiring  Board  Rework  Station 
(Licensing  Opportunity) 

643  Adaptive  Bandwidth  Compression  for  Moving 
Images  —  Data  would  by  compressed  in  images  with 
fast  motion  and  expanded  when  the  motion  slows. 

644  Addressable  Inverter  Matrix  Tests  Integrated-Circuit 
Wafer  —  Addressing  elements  indirectly  through  a 
shift  register  reduces  the  number  of  test  probes 
(Licensing  Opportunity) 

645  Composite  Cathode-Ray  Tube  —  The  brightness 
and  resolution  of  large  images  would  be  increased. 

646  Improved  Traveling-Weight  Tube  —  This  new  design 
provides  high  power  and  bandwidth. 

647  Loss-Compensated  Optical  Sensor  Systems  — 
Variations  in  fiber  losses  have  little  effect  on  outputs 

648  Stereoscopic  Optical  Signal  Processor  —  Correlation 
of  optical  signals  indicates  the  identity,  distance,  or 
movement  of  an  object.  (Licensing  Opportunity) 

649  Performance  of  Infrared-Detector  Array  —  The  noise 
equivalent  power  of  each  picture  is  about  4x1 0'8  W/ 
Hz"2  (Licensing  Opportunity) 

650  Submounts  for  Laser-Diode  Chips  —  A  practical 
bonding  method  is  applicable  to  almost  all  types  o 
mounts.  (Licensing  Opportunity) 

651  Trends  in  Satellite  Communication  —  Personal 
communications,  orbiting  switchboards,  and  video- 
phones are  foreseen. 


Testing  &  Instrumentation 

652  Optical  Alignment  Device  for  Laser  Communication 

—  Alignment  can  be  performed  continuously  during 
operation. 

Other  Items  of  Interest 

678        Lead  Oxide  Electroplating  Technology 

702        Differential  Mechanical  Properties  Microprobe 

Energy  4 

653  Design  Procedures  for  Passive  Solar  Buildings 

654  Desiccant  Duhumidification  System  Utilizing  Waste 
Heat  from  Air  Conditioners 

655  Rotary  Recuperative  Magnetic  Heat  Pump  (Licens- 
ing Opportunity) 

656  Forming  Solar-Cell  Junctions  by  Flash  Diffusion  — 
An  expedited  fabrication  process  costs  less  but  does 
not  sacrifice  cell  performance.  (Licensing  Opportu- 
nity) 

Testing  &  Instrumentation 

657  Detecting  Faults  in  High-Voltage  Transformers  —  A 
simple  fixture  aids  the  detection  of  faults  that  escape 
standard  inspection  procedures.  (Licensing  Oppor- 
tunity) 

Engineering 

658  Polyurethane  Foam  Systems  for  Overcoating 
Bituminous  Built-up  Roofs 
Protected  Membrane  Roofs 
USAETL  Tests  Volume  Computation  Method 
Evaluation  of  the  Effectiveness  of  Chemical  Dust 
Suppressants  on  Unpaved  Roads 
The  Tevatron  6-KM  Helium  Transfer  Line 
NBS  Fire  Research  Database  Now  Available  On- 
Line. 

Calculating  Rotor/Stator  Interactions  —  Numerical 
simulations  are  based  on  Euler  equations  and 
patched  grids  (Licensing  Opportunity) 
Computational  Fluid  Dynamics:  Past,  Present,  and 
Future  —  The  numerical  simulation  of  fluid  has 
become  routine,  but  improvements  are  needed. 
(Licensing  Opportunity) 

Emergency-Evacuation  Cart  —  A  proposed  vehicle 
would  ease  escape  from  areas  inaccessible  to  or 
dangerous  for  ambulances.  (Licensing  Opportunity) 
Rotary  Fluid  Coupling  —  Stacked  modules  serve 
eight  lines. 

Preassembly  of  Insulating  Tiles  —  A  mesh  backing 
carries  ceramic  tiles  to  ease  installation  and  prevent 
damage. 
Strain  Elements  for  STARDYNE  Computer  Program 

—  The  program  is  "tricked"  into  calculation  of 
compatible  strains. 

Vortex  Suppressors  Reduce  Probe  Vibrations  —  A 
lightweight  addition  to  the  probe  reduces  cyclical 
stress  aerodynamically. 
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Engineering  (Cont.) 


Software 

671  Computer  Code  for  Turbocom pounded  Adiabatic 
Diesel  Engine  —  Transfers  of  heat  and  work  are 
analyzed. 

672  Optimal  Network-Topology  Design  —  Candidate 
network  designs  are  tested  foe  acceptability  and 
cost. 

Other  Items  of  Interest 

653  Design  Procedures  for  Passive  Solar  Buildings 

654  Desiccant  Duhumidification  System  Utilizing  Waste 
Heat  from  Air  Conditioners 

697       Fluidized-Bed  Deposition  of  Single-Crystal  Silicon  — 
A  chemical-vapor-deposition  technique  is  proposed 
for  production  of  uniformly  thin  films 

Environmental  Science  &  Technology 

673  User's  Guide  to  the  CTDM  Meteorological  Pre- 
processor (METPRO)  Program 

Software 

674  FGETS(Food  and  Gill  Exchange  of  Toxic  Sub- 
stances): a  Simulation  Model  for  Predicting  Bioaccu- 
mulation  of  Nonpolar  Organic 

Testing  &  Instrumentation 

675  Nondestructive  Testing  (NDT)  Techniques  to  Detect 
Contained  Subsurface  Hazardous  Waste. 

676  Soil  Gas  Sensing  for  Detection  and  Mapping  of 
Volatile  Organics 

Other  Items  of  Interest 

71 1        High  Tech  Sensors  that  Measure  Groundwater 

Manufacturing,  Machinery,  &  Tools 

677  Divers  Tools  —  A  Multifunction  Seawater  Hydraulic 
System 

Lead  Oxide  Electroplating  Technology 
Ceramic  Welding-Torch  Extension  —  A  simple 
attachment  extends  a  torch  to  difficult-to-reach  joints. 
(Licensing  Opportunity) 
Electrostatic  Liquid-Drop-Levitation  System  — 
Charged  drops  up  to  4mm  in  diameter  remain 
spherical  during  levitation 

Gear  Handbook  —  Topics  range  from  early  history  to 
advanced  design. 

Image  Control  in  Automatic  Welding  Vision  System 
—  The  orientation  and  brightness  are  varied  to  suit 
welding  conditions.  (Licensing  Opportunity) 
Interference  Fits  and  Roller-Bearing  Fatigue  — 
Factors  affecting  life  and  stress  are  analyzed. 
Processing  Welding  Images  for  Robot  Control  — 
Image  data  from  two  distinct  windows  are  used  to 
locate  weld  features  (Licensing  Opportunity) 
Plasma  Spraying  of  Dense,  Rough  Bond  Coats  —  A 
modified  plasma  torch  sprays  coarse  powders. 
Recursive  Dynamic  Equations  for  Two  Robot  Arms 
in  a  Closed  Chain  —  Filtering  and  smoothing 
algorithms  solve  forward  dynamics  for  closed  chain 
system 
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685 


686 


687  Transfer  Lubrication  for  Cryogenic  Bearings  — 
Bronze-filled  PTFE  cages  promise  to  extend  lives  of 
ball  bearings. 

688  Zero-Deadband  Ball  Bearings  —  Axial  motion  of  the 
shaft  is  accommodated  but  limited. 

Testing  &  Instrumentation 

689  Balloon  Holds  X-Ray  Film  in  Position  —  Accuracy  of 
position  is  increased.  (Licensing  Opportunity) 

Materials 

690  Lead-Indium  Phosphate  and  Lead-Scandium 
Phosphate  Glasses  for  Optical  Applications  (Licens- 
ing Opportunity) 

691  Anodization  as  a  Repair  Technique  —  A  thin,  hard 
oxide  layer  can  be  added  to  an  aluminum  part. 

692  Boron  Carbides  as  Thermoelectric  Materials  — 
Progress  toward  high  performance  at  high  tempera- 
ture is  reported 

693  Composites  That  Exceed  Superalloys  in  Rupture 
Strength  —  Ceramic-fiber-reinforced  iron  alloys  show 
promise  as  turbine  parts  for  intermediate-tempera- 
ture service. 

694  Electron-Beam  "Writes"  Silicon  on  Sapphire  — 
Micron-wide  lines  are  formed.  (Licensing  Opportu- 
nity) 

695  Fire-Resistant,  Plastic-Foam  Airducts  —  Polyimide 
ducts  are  lighter  and  cheaper  than  aluminum  ducts. 

696  Fire-Resistant  Polyamides  Containing  Phosphorus 
—  Flammability  and  weight  loss  are  reduced. 
(Licensing  Opportunity) 

697  Fluidized-Bed  Deposition  of  Single-Crystal  Silicon  — 
A  chemical-vapor-deposition  technique  is  proposed 
for  production  of  uniformly  thin  films 

698  Rheological  Tests  of  Shear-Thickening-Polymer 
Solutions  —  A  vibrational  method  avoids  thickening 
during  measurement. 

699  Solidification-Rate  Effects  in  MAR-M-246+Hf  Alloy  — 
Under  slower  solidification,  the  primary-dendrite-arm 
spacing  increases 

700  Steels  for  Rolling-Element  Bearings  —  Bearing  lives 
have  been  increased  by  attention  to  details  of 
processing  and  applications. 

701  Thermal  Response  of  Composite  Insulation  —  An 
engineering  model  gives  useful  predictions.  (Licens- 
ing Opportunity) 

Testing  &  Instrumentation 

702  Differential  Mechanical  Properties  Microprobe 

703  SIGMAJIG:  A  Weldability  Test  Device 

704  Ultrasonic  Techniques  for  the  Evaluation  of  Ceramic 
Joints 

Medicine  &  Biology 

705  Information  On  Microorganisms  Available 

706  Protein  Data  Bases  Available 

707  Synchrotron  Radiation  Resource  Available 

708  Research  Facility  Addresses  Human  Interface 
Issues 
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Testing  &  Instrumentation 

709  Improvinng  ELISA  Assays  for  the  Detection  of 
Malaria  Sporozites 

71 0  Real-Time  Keratometer  —  This  instrument  rapidly 
produces  a  contour  map  of  a  corneal  surface. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

633  Fungi  Are  Key  Future  Sources  of  Safe  Chemicals 

634  Potato  Plants  Make  Their  Own  Insect  Repellent 

Natural  Resources  Technology  &  Engi- 
neering 

71 1  High  Tech  Sensors  that  Measure  Groundwater 

71 2  Estimating  Electron  Content  of  the  Ionosphere  —  An 
empirical  method  is  used  for  local  or  global  monitor- 
ing. 

Other  Items  of  Interest 

673  User's  Guide  to  the  CTDM  Meteorological  Pre- 
processor (METPRO)  Program 

674  FGETS(Food  and  Gill  Exchange  of  Toxic  Sub- 
stances): a  Simulation  Model  for  Predicting  Bioaccu- 
mulation  of  Nonpolar  Organic 

676       Soil  Gas  Sensing  for  Detection  and  Mapping  of 
Volatile  Organics 

Physical  Sciences 

713  New  Ways  to  Study  Fast  Processes  in  Semicon- 
ductors 

714  Approximation  to  the  Normal  Probability  Distribution 
—  Closed-form  expressions  give  P(x)  and  x(P) 

715  Approximations  for  Predicting  Electrostatic  Dis- 
charges —  Electrostatic  field  strengths  are  estimated 
for  assorted  electrode  shapes 

71 6  Computer  Interface  for  a  Spectroref lectometer  —  A 
FORTRAN  program  controls  stepping  motors  and 
signal-processing  electronics  via  an  S-100  computer 
bus. 

717  imaging  of  Directional-Solidification  Interfaces  — 
The  movements  and  shapes  of  interfaces  are 
revealed  during  crystal  growth.  (Licensing  Opportu- 
nity) 


719 


720 


71 8        Study  of  Large  Telescopes  —  Design  considerations 
for  segmented  mirrors  are  explored 
Studies  of  Single-Event-Upset  Models  —  Experi- 
mental data  are  correlated  with  computer  simulations 
Synthesis  of  B,  B',  B"-Trichloroborazine  —  This 
useful  compound  can  be  made  easily  in  a  laboratory 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

721        Aerosol  Sampling  and  Characterization  Apparatus  — 
Simple,  versatile  sampling  for  today's  technologies 
Continuous  Measuring  of  Superconducting  Cable 
Improving  Analytical  Lab  Quality 
Calibration  of  Oxygen  Monitors  —  Readings  are 
corrected  for  the  temperature,  pressure,  and 
humidity  of  the  air 

High-Resolution  Detector  for  X-Ray  Diffraction  —  A 
conceptual  unit  would  have  scientific,  medical,  and 
engineering  uses.  (Licensing  Opportunity) 


722 
723 
724 


725 


Transportation  &  Components 

726  Aeroelastic  Computations  for  Wings  With  Loaded 
Tips  —  External  fuel  tanks  or  missiles  can  degrade 
stability  because  of  unsteady  aerodynamics  (Licens- 
ing Opportunity) 

727  Calculations  of  Transonic  Flow  About  a  Wing  — 
Navier-Stokes  and  Euler  formulations  are  applied  on 
zonal  grids.  (Licensing  Opportunity) 

728  Computational  Fluid  Dynamics  in  Rotary-Wing 
Aerodynamics  —  Emerging  techniques  appear  vital 
to  progress  in  the  rotary-wing-airplane  industry. 
(Licensing  Opportunity) 

729  Experimental  Test  of  Aerodynamic  Computer 
Program  —  Linear  potential-flow  theory  is  applied  to 
an  advanced  air  plane  design. 

Other  Items  of  Interest 

671        Computer  Code  for  Turbocompounded  Adiabatic 

Diesel  Engine  —  Transfers  of  heat  and  work  are 

analyzed. 


Digitized  by  the  Internet  Archive 

in  2012  with  funding  from 

LYRASIS  Members  and  Sloan  Foundation 


http://archive.org/details/technotesaug1988cent 


Agriculture  &  Food 


633  Fungi  Are  Key  Future  Sources  of  Safe  Chemicals 

634  Potato  Plants  Make  Their  Own  Insect  Repellent 
Software 

635  Computer  Model  Predicts  How  Tillage,  Fertilizer  and  Crop  Residues 
Interact 

Other  Items  of  Interest 

71 1      High  Tech  Sensors  that  Measure  Groundwater 


umtod statos     Research  Technology 

Department  of  *+  * 

Agriculture       Agricultural  Research  Service 


Fungi  Are  Key  Future  Sources  of  Safe  Chemicals 


If  the  Irish  of  the  1840's  had  known 
about  a  fungus  called  Penicillium 
cyclopium,  the  potato  famine  might 

never  have  happened. 

This  fungus  produces  a  chemical 
antibiotic,  cyclopenol,  that  stymies 
another  fungus  (Phytophihora  infestans), 
that  caused  the  Irish  potato  blight,  says 
Agricultural  Research  Service  plant 
physiologist  Hank  Cutler.  He  discovered 
in  lab  studies  that  cyclopenol  is  95 
percent  effective  in  stopping  the  potato 
blight  fungus'  growth. 

The  blight  virtually  wiped  out  the 
Irish  potato  crop  in  1845-46.  A  million 
Irish  died  from  starvation  and  malnutri- 
tion, and  a  million  and  a  half  more  were 
forced  to  emigrate  to  the  United  States 
and  other  countries. 

Growers  today  use  chemicals  to 
control  P.  infestans,  but  chemicals  are 
cosUy,  and  the  fungus  can  develop 
resistance  to  them.  Despite  availability 
of  modern-day  controls,  the  Interna- 
tional Potato  Center  in  Peru  ranks  it  as 
the  worst  potato  disease  worldwide. 

So  cyclopenol  and  other  natural 
chemicals  are  gaining  increased  atten- 
tion, says  Cutler.  "Cyclopenol  has  great 
potential  as  a  natural  fungicide.  It  could 
join  the  list  of  fungal  chemicals  that 
have  already  proved  effective  in  repel- 
ling disease-causing  organisms,  regulat- 
ing plant  growth,  and  serving  as  human 
drugs  similar  to  penicillin.  Natural 
compounds  hold  great  promise  because 
they  work  against  specific  targets,  are 
extremely  potent,  and  aren't  hazardous 
to  the  environment,  because  they're 
biodegradable." 

Working  at  the  agency's  Richard  B. 
Russell  Research  Center  in  Athens, 
Georgia,  Cutler  grows  fungi  in  his  labo- 
ratory and  studies  the  effect  of  com- 
pounds they  produce.  LitUe  is  known 
about  how  fungi  create  these  com- 
pounds. 

"Our  findings  are  preliminary,  and 
industry  would  have  to  conduct  further 
studies  to  confirm  them,"  he  says. 
"We're  cooperating  in  our  research  with 
several  national  and  international 
chemical  companies  that  are  interested  in 
what  we've  found. 


Other  fungal  products: 

•  Cyclopenin,  also  produced  by  P. 
cyclopium,  has  potential  as  a  plant 
growth  regulator.  In  other  studies,  250 

milligrams  of  cyclopenin  made  chicks 
drowsy  and  500  milligrams  completely 
tranquilizcd  them.  Cutler  says  it  is 
similar  to  Valium  and  has  potential  as  a 
drug. 

•  Cytochalasin  H,  produced  by  a 
Phomopsis  fungus.  At  various  concen- 
trations, it  inhibited  the  growth  of 
tobacco  seedlings  from  53  to  87  percent 
after  28  days  in  greenhouse  tests.  It  also 
delayed  flowering  for  6  weeks  in 
tobacco  seedlings  in  the  greenhouse. 
"This  has  great  potential  as  a  growth 
regulator  and  could  replace  costly  and 
time-consuming  hand  labor  in  the  field," 
Cutler  says.  "Often  workers  have  to  cut 
back  up  to  7,000  plants  per  acre  to 
prevent  premature  flowering." 

•  6-pentyl-pyrone,  from  the  fungus 
Trichoderma  viride,  inhibited  the  growth 
of  Aspergillus  flavus  in  laboratory 
studies.  Under  certain  environmental 
conditions,  A.  flavus  grows  on  grains 
and  other  field  crops  and  produces 
aflatoxin,  a  potent  carcinogen.  The 
United  States  closely  regulates  aflatoxin 
levels  in  food  to  ensure  that  it  doesn't 
enter  the  food  supply,  but  it  is  more  of  a 
problem  in  developing  countries  where 
controls  are  not  as  strict.  "6-pentyl- 
pyrone  could  be  sprayed  on  stored 
commodities  (corn,  peanuts,  sunflower 
seeds)  to  suppress  the  growth  of  A. 
flavus,"  he  says.  "This  could  reduce  or 
eliminate  aflatoxins." 

•  Tentoxin,  a  fungal  toxin,  is  a 
chemical  model  for  new  compounds  that 
control  weeds  such  as  johnsongrass, 
mustard  seed,  barnyard  grass,  and 
morningglory.  Judson  V.  Edwards  at 
the  ARS  Southern  Regional  Research 
Center  in  New  Orleans,  Louisiana,  has 
developed  peptide  chemicals  that  are 
based  on  tentoxin.  In  laboratory  studies, 
the  peptides  killed  these  weeds  without 
harming  corn  or  soybeans.  Alan  R.  Lax 
and  Hurley  Shepherd,  also  at  the 
research  center,  are  studying  how  these 
peptides  work  and  are  developing 
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genetic  engineering  techniques  to  make 
fungi  produce  them  more  efficiently. 

Hank  Cutler  is  at  the  USDA-ARS 
Richard  B.  Russell  Research  Center, 
P.O.  Box  5677,  Athens,  GA  30613. 
Phone  (404)  546-  3378.  ♦ 


United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Potato  Plants  Make  Their  Own  Insect  Repellent 


1  wo  years  of  biotechnology  research  by 
U.S.  Department  of  Agriculture  scien- 
tists have  resulted  in  the  first  hybrid 
potato  plants  with  an  insect  repellent 
built  into  their  leaves. 

They  contain  a  rare  gene  for  leptine,  a 
chemical  that  repels  insects,  says  Stephen 
L.  Sinden,  leader  of  a  team  of  Agricul- 
tural Research  Service  scientists  that 
produced  the  hybrid  potatoes. 

The  scientists  put  the  leptine  gene  into 
potatoes  by  fusing  single  cells  from  wild 
and  commercial  potato  plants  then 
growing  the  fused  cells  into  hybrid 
plants. 

Cell  fusion  is  a  method  of  genetic 
engineering  mat  is  different  from  gene 
splicing  or  recombinant  DNA.  In  cell 
fusion,  the  genes,  made  up  of  the 
hereditary  molecules  of  DNA,  remain 
intact. 

"The  advantage  of  cell  fusion," 
Sinden  says,  "is  that  we  know  not  only 
that  the  fusion  hybrids  have  the  desired 
genes  but  also  that  the  genes  are  likely  to 
be  expressed  in  the  plants." 

With  the  potato  hybrids,  this  advan- 
tage could  help  breeders  develop  insect- 
resistant  varieties  within  several  years. 

Leptine  in  the  leaves  repels  the  most 
devastating  pest  in  U.S.  potato  fields, 
Sinden  says.  "The  beetles  land  on  the 
hybrid  plants  as  usual.  They  peel  back  a 
little  skin  on  leaves  and  nibble,  but  then 
fly  away.  The  plants  are  barely 
touched." 

In  recent  years,  the  beetles  have 
developed  tolerance  to  insecticides  that 
farmers  continue  to  spray  at  an  annual 
cost  of  over  $120  million. 

The  hybrid  plants  produce  much 
larger  potatoes  than  do  the  wild  potato 
plants — almost  half  the  size  of  commer- 
cial potatoes,  Sinden  says. 

"We're  also  pleased  that  the  fusion 
hybrids  are  fertile,  that  they  can  be 
crossbred  to  improve  tuber  (potato)  yield 
and  quality,"  he  says. 

Leptine  is  a  glycoalkaloid  that  may  be 
toxic  to  humans  in  large  doses.  How- 
ever, Sinden  says,  the  hybrid  plants 
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Above:  Colorado  potato  beetles  take 
only  a  bite  or  two  of  this  insect- 
resistant  potato  plant  before  they  are 
repelled.    The  plant  has  been  geneti- 
cally engineered  to  contain  a  rare  gene 
from  wild  potatoes  that  produces 
leptine  in  the  leaves.    (0687X533-22) 


make  leptine  only  in  the  leaves,  not  in 
the  potatoes. 

The  gene  for  leptine  is  in  only  one  of 
a  thousand  types  of  wild  potato  plants. 
To  find  the  gene,  Sinden 's  team 
screened  800  wild  plants  from  one  of  the 
world's  premier  collections  of  research 
potatoes,  ARS '  Inter-Regional  Potato 
Introduction  Station,  Sturgeon  Bay, 
Wisconsin. 

Sinden's  team  found  that  leaves  of  a 
few  plants  of  a  wild  species  called 
Solarium  chacoense  have  high  levels  of 
leptine.  Researchers  used  enzymes  to 
dissolve  bits  of  the  leaves  into  millions  of 
single  cells  in  a  laboratory  dish.  Another 
treatment  removed  the  cell  walls,  natural 
barriers  to  plant  cell  fusion. 

The  scientists  repeated  the  process  to 
produce  a  second  dish  of  wall-less  cells 
from  a  commercial  variety  called  Saco. 
They  poured  both  dishes  of  naked  cells 
into  a  beaker  of  chemicals  that  forced 
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close  contact. 

Only  about  1  percent  fused,  mixing 
their  genes,  says  Sinden,  but  in  all  the 
hybrid  plants,  the  leptine  gene  from  5. 
chacoense  became  integrated  with  the 
DNA  from  Saco. 

The  agency  team  includes  plant 
pathologist  Kenneth  L.  Deahl,  geneticist 
Lind  L.  Sanford,  entomologist  William 
W.  Cantelo,  and  Sinden,  a  plant  physi- 
ologist, all  at  the  Beltsville  (Maryland) 
Agricultural  Research  Center,  and 
chemist  Stanley  F.  Osman  at  the  Eastern 
Regional  Research  Center  in  Philadel- 
phia, Pennsylvania. 

Stephen  L.  Sinden  is  at  the  USDA- 
ARS  Vegetable  Laboratory,  Bldg.  004, 
Beltsville  Agricultural  Research  Center- 
West,  Beltsville,  MD  20705.  Phone 
(301)  344-4507.  ♦ 


ARS  plant  pathologist  Kenneth 
Deahl  finds  Colorado  potato  beetles 
have  done  little  damage  to  new  insect- 
resistant  potato  plants.     (0687X534-11) 
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Computer  Model  Predicts  How  Tillage,  Fertilizer 
and  Crop  Residues  Interact 


Scientists  and  consultants  have  developed 
an  extremely  detailed  yet  flexible  com- 
puter model  for  predicting  how  tillage, 
fertilizer,  and  crop  residues  interact 
over  time.    It's  possible  for  the    model, 
called  Nitrogen-Tillage-Residue- 
Management  (NTRM),  to  predict  the 
conseguences  of  raising  up  to  20  dif- 
ferent crops  for  the  next  100  years  or 
more.    A  simpler  model  has  been  developed 
for  farmers  to  calculate  the  best  prac- 
tices to  follow  on  their  land  to  save 
soil  from  erosion  and  to  conserve  fertil- 
izer and  thus  reduce  the  possibility  of 
contaminating  surface  and  groundwater. 

FOR  ADDITIONAL  INFORMATION: 
To  discuss  this  effort  further,  contact 
Great  Plains  Systems  Research,  Fort 
Collins,  CO 
Marvin  J.  Shaffer,  (303)  484-8777 
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structures.  v 

638  Instructional  Support  System  (ISS) 

639  Magnetic-Tape  Utilities  Computer  Program  —  Access  to  magnetic-tape 
drives  is  simplified. 
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NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 


Gaithersburg,  MP  20899 


New  Tools  to  Measure  Multiprocessor  Performance 


Multiprocessors  are  computers  which  use  more  than  one 
processor  to  simultaneously  solve  a  problem  which  is  broken 
down  into  pieces.  While  multiprocessors  can  speed  the 
processing  of  data,  they  also  have  unique  problems 
including  unbalanced  processing  loads,  uneven  flow  of 
information,  and  an  increased  likelihood  of  communications 
bottlenecks.  To  help  measure  their  performance  and 
ultimately  increase  efficiency,  researchers  in  the  NBS 
Institute  for  Computer  Sciences  and  Technology  are 
designing  measurement  tools  for  both  a  loosely  coupled  and 
a  shared-memory  multiprocessor.  Unlike  software  measurement 
systems,  these  tools  do  not  disturb  the  program  being 
measured.  The  NBS  researchers  have  built  a  prototype  tool 
to  make  limited  measurements  and  currently  are  developing  a 
tool  to  provide  more  detailed  and  extensive  measurements  of 
the  operating  system  and  hardware  operations. 


FOR  ADDITIONAL  INFORMATION: 

To  discuss  these  efforts  further,  contact 

Dr.  Robert  Carpenter 

Matials  Bldg.    B  364 

National  Bureau  of  Standards 

Gaithersburg,  MD    20899 

(301)  975-5677 


636 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Hybrid  Applications 
of  Artificial  Intelligence 

This  computer  language 
couples  symbolic  processing 
with  compiled-language 
functions  and  data  structures. 

STAR  (Simple  Tool  for  Automated  Rea- 
soning) is  an  interactive,  interpreted  pro- 
gramming language  for  the  development 
and  operation  of  artificial-intelligence  (Al) 
application  systems.  STAR  provides  an  en- 
vironment for  integrating  traditional  Al 
symbolic  processing  with  functions  and 
data  structures  defined  in  such  compiled 
languages  as  C,  FORTRAN,  and  PASCAL. 
A  need  for  this  type  of  integration  arises  in 
a  number  of  application  areas  of  Al,  in- 
cluding the  interpretation  of  numerical  sen- 
sor data,  the  construction  of  intelligent 
user  interfaces  to  existing  compiled  soft- 
ware packages,  and  the  coupling  of  Al 
techniques  with  numerical  simulation  tech- 
niques and  control-systems  software. 

A  semantic  network  is  used  to  organize 
data  in  STAR,  and  programming  is  accom- 
plished through  the  definition  of  symbolic 
functions  or  through  the  definition  of  sets  of 
production  rules.  The  symbolic-processing 
environment  of  STAR  may  be  extended  by 
linking  the  interpreter  together  with  func- 
tions defined  in  conventional  compiled 
languages,  and  these  external  functions 
may  interact  with  STAR  through  function 


calls  in  either  direction  and  through  the  ex- 
change of  references  to  arbitrary  data 
structures. 

Typically,  references  to  data  structures 
defined  in  the  compiled  languages  are  in- 
serted within  various  data  structures  of 
STAR  and  vice  versa,  forming  a  hybrid 
knowledge  base  of  interconnected  sym- 
bolic and  nonsymbolic  information. 
Through  the  use  of  special  utility  functions 
accompanying  the  STAR  interpreter,  ex- 
ternal compiled  functions  are  able  to 
perform  basic  operations  on  STAR  data 
structures.  Higher-level  operations  maybe 
carried  out  remotely  through  calls  from  the 
external  compiled  functions  to  various 
functions  in  STAR.  The  hybrid  knowledge 
base  may  thus  be  obtained  and  processed 
in  general  by  either  side  of  the  application. 

The  STAR  language  was  created  at 
NASA's  Jet  Propulsion  Laboratory  in  the 
course  of  an  expert-system  project  for  the 
geological  interpretation  of  imaging-spec- 
trometer  data.  The  resultant  system,  called 
SPECTRUM,  uses  STAR  to  couple  a  con- 
trolling layer  of  symbolic  processing  with  a 
set  of  compiled  routines  for  the  analysis  of 


these  data. 

The  STAR  interpreter  is  written  in  the  C 
language  and  is  currently  available  in  a 
UNIX  version  (NP0-16832)  for  the  Sun  Mi- 
crosystems 2/170  workstation  and  a  VMS 
version  (NPO-16965)  for  the  VAX-11/780 
computer.  The  interpreter  operates  in- 
teractively and  has  a  memory  requirement 
of  approximately  200K  bytes,  excluding  all 
application-dependent  symbolic  definitions 
and  external  compiledlunctions  and  data 
structures.  The  total  memory  allocation  for 
an  application  system  based  in  STAR  is 
limited  only  by  the  host  operating  system. 
This  program  Was  developed  in  1985. 

This  program  was  written  by  Gary  C. 
Borchardt  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  NPO-16832/TN 

FOR    ADDITIONAL    INFORMATION 

CONTACT. 

COSMIC® 

112  Barrow!  In!; 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 


U.S.  Air  Force 
Technology  Note 


Computer 
Software 


Instructional  Support  System  (ISS) 

The  advent  of  computer  applications  to 
training  has  led  to  a  multiplicity  of 
hardware  and  software  systems.  Proprie- 
tary rights,  vendor  and  machine  depend- 
ence, and  lack  of  software  and  courseware 
transportability  were  inevitable  conse- 
quences. These  factors  have  tended  to 
keep  the  acquisition  and  life-cycle  costs 
of  commercial  systems  high  and,  as  a 
result,  inaccessible  to  many  potential 
Air  Force  users.  The  approach  in  devel- 
oping the  ISS  was  to  eliminate,  or  at 
least  minimize  to  the  extent  feasible, 
the  effects  of  these  variables.  The  end 
result  is  a  Government-owned,  Ada  soft- 
ware package  for  computer-based  training 
that  is  machine  and  operating  system  in- 
dependent, and  that  is  easily  modifiable 
to  permit  incorporation  of  future  hard- 
ware and  software  advances.  The  ISS  can 
be  used  to  address  a  training  requirement 
without  being  dependent  on  a  particular 
vendor-supplied  hardware/software  pack- 
age. Also,  the  users  can  tailor  the  sys- 
tem, through  its  modular  design,  to  their 
unique  needs  rather  than  having  to  re- 
strict or  modify  their  requirements  to 
fit  the  system. 


The  demand  for  ISS  is  extensive 
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The  Air  Force  accepted  ISS  as  a  prototype 

on  the  VAX  11/780  minicomputer  in  October 

1985.   The  Strategic  Air  Command  at  Dyess 

AFB,  TX  has  served  as  the  system  testbed 

using  ISS  to  develop,  deliver,  and  manage  A 

170  hours  of  online  courseware  to  train 

350  B-1B  pilots  and  navigators. 

In  addition  to  operating  on  the  VAX  11/ 
780,  11/785  and  8600,  the  ISS  was  rehost- 
ed  during  FY87  to  the  MicroVax  II. 
Videodisc  capability  was  added  and  a 
compact  Micro  Computer-Managed  Instruc- 
tion (CMI)  capability  was  developed  for 
microcomputer  implementations.  Export- 
able online  and  offline  training  courses 
have  been  developed  for  the  Computer- 
Assisted  Instruction  (CAI)  and  CMI  sub- 
components of  ISS.  ISS  is  being  rehosted 
to  the  Zenith  248  (Air  Force  standard) 
microcomputer,  which  will  greatly  expand 
ISS  accessibility  to  Air  Force  users. 
The  rehosting  of  the  instructional  soft- 
ware portion  of  the  ISS  was  completed  in 
December  1987,  with  the  authoring  portion 
following  in  early  spring  1988.  Training 
management  will  be  rehosted  in  FY89.  A 
transition  plan  is  being  finalized  to 
move  ISS  from  the  laboratory  environment 
to  a  long-term  support  agency.  Data 
structure,  data  base  and  within-code 
application  software  documentation  were 
developed  to  aid  in  transitioning  the  ISS 
to  a  long-term  support  agency.  Transition 
of  the  VAX-based  ISS  to  the  Human  Systems 
Division  for  full-scale  development  is 
planned  during  FY88,  to  be  followed  in 
FY89  by  the  Z-248  version. 

Contact:   Dr.  Scott  Newcomb 
AFHRL/IDC 

Brooks  AFB  TX  78235-5601 
Commercial:   (512)  536-3992 
AUTOVON:   240-3992 
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National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Magnetic-Tape  Utilities 
Computer  Program 

Access  to  magnetic-tape 
drives  is  simplified. 

The  Fast  Magnetic  Tape  Utility  package 
(MTUTILS/TUTIL)  is  a  collection  of  subrou- 
tines for  DEC  VAX/VMS  computers  de- 
signed to  simplify  access  to  magnetic-tape 
drives.  These  routines  use  standard  FOR- 
TRAN argument  binding  and  are  simpler 
than  the  corresponding  system  service 
calls.  There  are  two  sets  of  routines:  one  en- 
ables basic  tape  operations;  the  other  ena- 
bles certain  operations  to  be  performed  on 
a  sequence  of  tape  drives.  This  enables 
manipulation  of  sets  of  data  that  are  too 
large  to  be  held  on  a  single  magnetic  tape. 
The  TUTIL  program  is  a  user-friendly, 
menu-driven  program  that  employs  the 
MTUTILS  package  to  process  tapes  inter- 
actively. 

MTUTILS  routines  are  provided  to  ac- 
tivate from  one  to  four  tape  drives  (in- 
cluding all  requisite  operations  like  mount 
and  assign  input/output  channel  and  the 
setup  of  a  descriptor  for  the  drives  for  use 
with  other  MTUTILS  routines)  and  to  read 
or  write  records,  skip  files  or  records  (for- 
ward or  reverse),  write  end-of-file  (EOF) 
marks,  search  for  end  of  volume  (EOV),  re- 


wind or  unload  a  tape,  request  an  asyn- 
chronous reading,  writing,  or  rewinding 
operation,  and  wait  for  completion  of  an 
asynchronous  request. 

Each  command  takes  the  form  of  a 
FORTRAN  subroutine  call  or  a  Pascal  pro- 
cedure call  with  such  appropriate  parame- 
ters as  descriptors,  buffers,  byte  counts, 
error  flags,  and  others.  Extensive  error- 
checking  facilities  are  provided,  including 
an  option  for  automatic  printout  of  com- 
plete diagnostic  messages. 

The  TUTIL  program  interactively  sup- 
ports all  the  aforementioned  functions  in 
addition  to  printing  out  a  profile  of  tape  con- 
tents, printing  record  contents  in  hexadeci- 
mal/decimal/American National  Standard 
Code  for  Information  Interchange  (ASCII) 
bytes/words/long  words,  copying  arbitrari- 
ly-large disk  files  (with  minimum  record 
lengths  of  14  bytes)  onto  magnetic  tapes 
and  back,  and  comparing  disk  files  with 
tape  files.  TUTIL  supports  the  wild-card 
specification  of  disk  files  and  logging  of 
profiles,  record  dumps,  comparisons  of 
files,  and  other  output  to  a  disk  file.  Two  on- 


line help  libraries  and  an  optional  Pascal 
environment  file  are  provided  with  this 
package. 

MTUTILSmjTIL  is  written  in  FORTRAN 
77  for  batch  or  interactive  execution  and 
has  been  implemented  on  a  DEC  VAX 
1 1/780  computer  operating  under  VMS  4.X 
with  a  central-memory  requirement  of  ap- 
proximately 96K  of  8-bit  bytes.  The  pro- 
gram was  developed  in  1986. 

This  program  was  written  by  N.  E.  Olson 
and  R.  F.  Jurgens  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17190/TN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Electrotechnology 


640  Accelerated  Ions  Create  Semiconductor  Etching  Masks 

641  HF  Broadcast  Antenna  Design  and  Validation  Summary  Computer  Pro- 
grams 

642  Portable,  Electronically  Controlled,  Integrated,  Self  Contained,  Pointed 
Wiring  Board  Rework  Station  (Licensing  Opportunity) 

643  Adaptive  Bandwidth  Compression  for  Moving  Images  —  Data  would  by 
compressed  in  images  with  fast  motion  and  expanded  when  the  motion 
slows. 

644  Addressable  Inverter  Matrix  Tests  Integrated-Circuit  Wafer  —  Addressing 
elements  indirectly  through  a  shift  register  reduces  the  number  of  test 
probes  (Licensing  Opportunity) 

645  Composite  Cathode-Ray  Tube  —  The  brightness  and  resolution  of  large 
images  would  be  increased. 

646  Improved  Traveling-Weight  Tube  —  This  new  design  provides  high  power 
and  bandwidth. 

647  Loss-Compensated  Optical  Sensor  Systems  —  Variations  in  fiber  losses 
have  little  effect  on  outputs 

648  Stereoscopic  Optical  Signal  Processor  —  Correlation  of  optical  signals 
indicates  the  identity,  distance,  or  movement  of  an  object.  (Licensing 
Opportunity) 

649  Performance  of  Infrared-Detector  Array  —  The  noise  equivalent  power  of 
each  picture  is  about  4x1 018  W/Hz1/2  (Licensing  Opportunity) 

650  Submounts  for  Laser-Diode  Chips  —  A  practical  bonding  method  is 
applicable  to  almost  all  types  o  mounts.  (Licensing  Opportunity) 

651  Trends  in  Satellite  Communication  —  Personal  communications,  orbiting 
switchboards,  and  videophones  are  foreseen. 

Testing  &  Instrumentation 

652  Optical  Alignment  Device  for  Laser  Communication  —  Alignment  can  be 
performed  continuously  during  operation. 

Other  Items  of  Interest 

678      Lead  Oxide  Electroplating  Technology 

702      Differential  Mechanical  Properties  Microprobe 


Technology  Application 


Sandia  National  Laboratory 

Accelerated  Ions  Create  Semiconductor  Etching 
Masks 


Researchers  at  Sandia  National  Laboratories  have 
developed  a  new  technique  that  promises  to  improve 
control  of  compound  semiconductor  fabrication  technol- 
ogy. Called  ion-damage-controlled  photochemical  dry 
etching,  it  uses  accelerated  ions  to  change  the  electronic 
behavior  of  selected  areas  on  the  semiconductor  so  the 
areas  act  as  a  "mask"  for  subsequent  photochemical 
etching. 

Because  this  mask  becomes  part  of  the  semiconduc- 
tor wafer,  it  cannot  slip  or  change  position  during  fabri- 
cation, as  can  happen  with  conventional  photolitho- 
graphic technologies.  Since  ion  implantation  is  an 
essential  processing  step  for  many  devices,  using  the  new 
technique  as  an  integral  part  of  that  processing  should 
reduce  the  number  of  steps  needed  to  prepare  compli- 
cated circuits.  This  could  save  processing  time  and 
money. 

Gives  added  control 

The  new  process  is  the  result  of  a  group  effort 
involving  Sandians  Carol  I.  H.  Ashby,  David  R.  Myers, 
and  Frederick  L.  Vook.  "The  exciting  thing  about  it  is  the 
control  it  gives  you  for  device  fabrication,"  says  Myers. 
The  process  is  an  advancement  of  the  basic  dry  photo- 
chemical etching  technique  developed  at  Sandia  several 
years  ago  by  Ashby  and  James  Dishman. 

In  conventional  fabrication  techniques,  a  thin  semi- 
conductor wafer  is  covered  with  a  mask  patterned  with  a 
protective  material  (photoresist),  then  exposed  to  a  reac- 
tive chemical  for  etching.  Where  there  is  an  opening  in 
the  mask,  the  chemicals  etch  out  a  corresponding  shape, 
such  as  a  pit  or  groove. 

Complex  integrated  circuits  require  multiple  masks 
and  multiple  etchings.  Because  it  is  difficult  to  get 
perfect  alignment  between  masks  and  the  structures 
already  etched  in  the  wafer,  each  subsequent  masking 
and  etching  step  increases  the  risks  that  a  mask  will  not 
precisely  match  the  existing  pattern.  This  could  result  in 
degraded  performance  for  the  integrated  circuit. 

The  new  Sandia  etching  technique  reduces  the  need 
for  multiple  masks  by  exploiting  the  chemical  effects  of 
an  initial  ion  implantation,  as  is  typically  performed  to 
provide  localized  doping  of  a  wafer.  An  ion  encountering 
a  semiconductor  surface  will  damage  the  material,  there- 
by producing  traps  for  "free  carriers" — free  electrons  or 
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holes — in  the  material.  Since  free  carriers  are  particu- 
larly important  in  selected  photochemical  reactions,  the 
ion-damaged  surface  areas  are  relatively  chemically  inert 
as  compared  with  undamaged  sections. 

In  conventional  techniques,  the  semiconductor  is 
heated  after  ion  bombardment  to  restore  the  electronic 
properties  of  the  semiconductor  by  annealing  out  the 
damage  caused  by  the  ions. 

Annealing  delayed  in  new  process 

For  photochemical  dry  etching,  however,  this 
annealing  step  is  delayed  so  the  unique  chemical  proper- 
ties of  the  ion-damage  areas  can  be  exploited.  The  mask 
that  determines  where  the  ions  strike  the  wafer  is 
stripped  away  and  the  semiconductor  is  then  placed  in  a 
chamber  containing  a  low  concentration  of  a  highly 
reactive  chemical.  Sandia's  researchers  have  been  using 
atomic  chlorine  to  etch  gallium  arsenide. 

The  semiconductor  is  bathed  in  a  strong  light  to 
generate  free  carriers.  Sandia  uses  a  laser  for  this  pur- 
pose, but  the  researchers  say  other  forms  of  illumination 
work  as  well.  These  optically  generated  free  carriers  drive 
the  chemical  reaction  between  the  semiconductor  and 
the  surrounding  chlorine  gas.  The  reaction  products 
leave  the  surface  and  are  transported  away,  leaving 
behind  an  etched  pattern  in  the  surface. 

The  material  will  be  etched  readily  where  there  are  a 
great  number  of  surface  free  carriers.  The  reaction 
is  greatly  slowed  or  even  prevented  where  there  are 
relatively  few  free  carriers — where  the  surface  has  been 
ion  bombarded.  The  damage  produced  by  the  ion 
implanation  acts  as  the  mask  for  all  subsequent  etching 
processes. 

Damage  acts  as  mask 

Because  this  mask  is  formed  directly  in  the  semicon- 
ductor itself,  there  is  no  chance  that  it  could  slip  and  ruin 
the  whole  wafer.  "Once  you've  put  the  damage  in,  it  acts 
as  an  integral  mask  for  subsequent  process  steps,"  says 
Myers. 

Similar,  "self-aligning"  techniques  are  common  in 
silicon  wafer  fabrication  technologies,  but  self-aligning 
technologies  for  compound  semiconductor  processing 
have  been  only  modestly  successful  and  require  complex 
metallurgy. 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  23,  No.  1 
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Institute  for  Telecommunications  Sciences 


HF  Broadcast  Antenna  Design  and  Validation 
Summary  Computer  Programs 

An  international,  high  frequency  (HF)  broadcast  facility  has  the  function  of 
delivering  a  specified  signal  strength  with  a  certain  reliability  to  particular 
reception  areas  on  a  prescribed  broadcast  schedule.     Because  of  the  distances 
from  the  facility  to  the  reception  areas,  the  primary  mode  of  transmission 
is  HF  sky  wave  via  the  ionosphere.     Two  conditions  preclude  the  use  of  a  single, 
fixed  antenna  at  the  facility:     1)  the  ionospheric  propagation  path  undergoes 
diurnal,  seasonal,  and  sunspot  cycle  changes,  and  2)  the  reception  area  changes 
throughout  the  day  depending  upon  the  broadcast  schedule.     In  order  to  steer 
the  antenna  beam  in  elevation  angle  to  use  the  most  efficient  ionospheric 
propagation  mode  and  to  steer  the  beam  in  azimuth  angle  to  cover  the  desired 
reception  area,  modern  HF  broadcast  facilities  utilize  planar  arrays  of  dipoles 
with  electronic  beam  steering.     By  controlling  the  gain  and  phase  of  each 
dipole  element  of  the  array,  the  antenna's  main  beam  can  be  steered  in  both 
elevation  and  azimuth  and  the  beam  can  be  shaped  to  cover  the  reception 
area. 

A  series  of  programs  have  been  developed  by  the  Institute  for  Telecommuni- 
cation Sciences  (ITS)  that  assist  the  Voice  of  America  (VOA)  to  plan  and 
operate  high  frequency  (HF)  broadcast  stations.     The  VOA  has  specific  broad- 
cast bands  available  for  use  and  has  particular  reception  areas  to  cover. 
Because  of  the  long  distances  between  the  broadcast  transmitter  and  the 
reception  areas,  the  primary  mode  of  communication  is  via  HF  sky  wave.    Since 
the  ionosphere,  which  supports  HF  sky  wave,  has  electrical  characteristics  that 
vary  with  time  of  day,  season  of  the  year,  frequency,  and  sunspot  number,  the 
HF  broadcast  antenna  design  and  validation  summary  programs  must  calculate 
the  best  frequency  and  the  required  antenna  power  gain  and  pattern  for  the 
various  conditions  that  apply  to  a  particular  broadcast  scenario.     A  document 
guides  a  user  through  the  use  of  the  programs,  provide  samples  of  the  input 
to  each  program,  and  give  examples  of  each  program's  output. 

Figure  1  shows  a  planar  array,  commonly  used  for  HF  broadcast,  called  a 
curtain  array  antenna.     The  array  is  composed  of  horizontally  spaced  bays, 
vertically  spaced  stacks,  and  a  metallic  screen  behind  the  array  for  additional 
power  gain.     The  CCIR  (1984)  has  published  gain  patterns  for  common  curtain 
array  configurations,  and  Kuester  (1987)  has  developed  an  algorithm  for 
computing  the  power  gain  of  an  idealized  curtain  array  antenna. 

Before  the  system  planner  can  validate  an  HF  broadcast  antenna  design,  the 
planner  must  define  a  location  for  the  transmitter  site,  define  a  region  (or 
regions)  to  receive  the  broadcast,  define  a  broadcast  schedule  (such  as  4  to 
6  p.m.  in  region  A  and  6  to  8  p.m.  local  time  in  region  B),  and  finally  define 
a  candidate  antenna  design  that  is  to  accomplish  the  tasks.    The  Institute  for 
Telecommunication  Sciences  (ITS)  of  the  National  Telecommunications  and 
Information  Administration  (NTIA)  has  developed  a  collection  of  programs  to 
assist  the  system  planner  to  validate  the  HF  broadcast  antenna  design.    Figure 
2  shows  how  the  various  programs  interface.     Note  that  the  user  interacts  with 
the  programs  on  the  left  and  right  sides  of  the  figure.     The  program  to  the  left 
sets  up  the  data  file  defining  the  antenna  characteristics,  the  circuits  desiring 
HF  ionospheric  propagation  predictions,  and  the  hours,  seasons,  and  sunspot 
conditions  to  make  the  predictions.     The  center  programs  make  the  antenna 
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gain  calculations,  perform  the  ionospheric  propagation  predictions,  and  create 
the  data  base.     The  predictions  are  made  using  the  NTIA/ITS  Ionospheric 
Communication  Analysis  and  Prediction  (IONCAP)  program  (Teters  et  al.,  1983). 
The  program  to  the  right  allows  the  user  to  select  specific  broadcast  situations 
and  to  summarize  the  antenna  performance  based  upon  the  criteria  set  by  the 

U.S.  Information  Agency/Voice  of  America  (VOA).     The  VOA  has  defined  the 
requirements  for  the  design  and  validation  programs  in  VOA  Engineering 
Standard  16775.01   (VOA,   1985).     The  summary  programs  will  indicate  whether 
the  proposed  antenna  is  adequate  for  the  reception  regions  to  be  covered  and 
over  the  ionospheric  conditions  selected. 

The  following  sections  describe  the  functions  of  each  of  the  programs  and  the 
user's  interaction  with  the  data  setup  program  and  the  summary  program.     The 
user  of  the  programs  is  assumed  to  be  familiar  with  program  IONCAP  and 
the  VOA  Engineering  Standard  16775.01,  since  little  explanation  of  either  will 
be  given  in  this  document. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact  Eldon  Haakinson  or  Susan  Rothschild, 
National  Telecommunications  and  Information  Admin.,  Institute  for  Telecom- 
munication Sciences,  325  Broadway,  Boulder,  CO  80303. 

NTIS  order  number:     PB88-1 16124/NAC 
Price  code:     A06 
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AW\f  Licensing 

"  V   T  Opportunities 

Domestic  Technology  Transfer  Fact  Sheet 


Portable,   Electronically  Controlled,   Integrated, 
Self  Contained,  Printed  Wiring  Board  Rework 
Station 


A  sslf-containsd.  Electronic,  el  sctro-itiechanical ,  bench  tap  work 
unit  used  iri  the  servicing  o-f  electronic  circuits  and  speci-f  ical  ly 
printed  wiring  boards.  Consisting  o-f  solder  iron  temper ature  adjust 
control  -functions  a  continuous!  v  variable  vacuum  or  nressurs 
control  -function,  low  voltage  hand  tool  power  supply  -function,  an 
alternate  -foot  switch  control  unit,  a  digital  display  input  -for 
control  and  -function  selection  dicital  di  snl  av/s  o-f  status  solid 
state  control  logic  circuit  -for  operation  s.~id  auxiliary  control 
power  outlets  a.rs  integrally  contained  in  the  unit  to  provide  -for  in 
situ  ser  v i  c  i  n •~|  o-f  r~i r  i  n  t  ed  circuit  b oar  d s  ■ 

STAGE  DP  DEVELOPMENT 

Pirst   generation   (as  described  in  patent)  and    second   generation 
(:T;icroprocessor  version)  have  been  built  and  proven  operationally. 

APPLICATION 

This  product  has  use  in  all  electronic  product  -fabrication  and 
maintenance  and  repair  -facililties  where  the  absence  o-f  damaging 
transient  voltage  spikes  is  desirable.  This  unit  uses  zero  voltage 
switching  exclusively  -for  all  applications  of  alternating  current, 
thereby  eliminating  voltage  switching  transients  during  both  se- 
lection and  control.  Manufacturers  in  support  o-f  the  electronics 
industry  can  bene-fit  by  incorporation  of  these  concepts  into  their 
product  lines.  Such  products  as  sol deri ng/desol der i ng  equipment, 
resistance  soldering,  printed  wiring  board  eyeleting,  thermal  wire 
stripping  equipment  and  miniature  rotary  handtools  are  examples  o-f 
OEM  users.  Other  areas  o-f  industry  which  may  have  use  -for  the  con- 
trol concepts  may  be  areas  which  involve  explosive  atmospheres  (gas, 
vapor,  dust)  in  which  spar kl ess  switching/control  would  be  o-f 
bene-fit. 
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PATENT  STATUS 

United  States  Patent  Number   4,708,278   Nov  24,  1987 

PUBLICATIONS 

This  is  the  result  of  an  evolutionary  development  in  the  US  Navys' 
microminiature  soldering  program  know  as  Avionics  Module  Repair 
Improvement  Program  (AMRIP) .  There  is  no  separate  publication.  The 
detailed  analysis  is  included  in  the  patent  disclosure. 

Additional  Information 

Gerald  D.  Dp-fer,  Code  531,  USNPWCSD,  Bldg  121  Naval  Station,  San 
Diego,  Ca. ,  92136-5113.  (619)  533-7466. 
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Soace  Administration 


Licensing 
Opportunity 


Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Adaptive  Bandwidth  Compression  for  Moving  Images 

Data  would  be  compressed  in  images  with  fast  motion  and  expanded  when  the  motion  slows. 
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REMOTE  CONTROL  STATION 

A  Laser  Rangefinder  Would  Measure  the  Speed  of  a  target.  An  adaptive  sampler  could  dete 
mine  the  required  resolution  of  the  target  image  on  the  basis  of  the  measured  speed  and  would 
provide  a  decornmutator  at  the  control  station  with  more  or  fewer  partial  image  fields  per  un 
time.  When  the  monitor  displays  the  maximum  number  of  fields  simultaneously,  the  resolution 
is  the  highest. 


A  proposed  data-compression  scheme 
would  adapt  the  transmission  rate  for  a 
moving  image  to  the  speed  of  motion  of  the 
image.  The  scheme  exploits  the  fact  that 
the  resolution  of  a  human  eye  decreases 
as  the  apparent  speed  of  a  viewed  object 
increases.  High  resolution  of  the  transmit- 
ted image  of  a  rapidly  moving  object  is  un- 
necessary to  the  eye  because  the  eye  will 
still  view  it  at  reduced  resolution.  The 
resolution  and  consequently  the  transmis- 
sion bandwidth  of  a  television  image  can 
therefore  be  reduced  to  the  observer's  res- 
olution limits  as  the  speed  of  the  observed 


object  increases.  The  system  could  adapt 
itself  automatically,  or  its  transmission  rate 
could  be  altered  manually.  The  compres- 
sion technique  can  be  used  with  almost 
any  type  of  scanning  image  sensor  to  re- 
duce the  bandwidth  of  transmitted  signals. 

The  system  would  include  a  television 
camera  and  laser  rangefinder,  both  of 
which  would  be  aimed  in  the  same  direc- 
tion. The  camera  and  rangefinder  would 
feed  video  signals  to  an  adaptive  sampler 
(see  figure).  The  sampler  would  encode  the 
video  and  drive  the  television  transmitter. 

A  remote  control  station  would  receive 


the  video  signal  and  decode  it  into  a  serial 
data  stream.  A  multiple-field  adaptive  de- 
commutator  would  store  the  serial  data 
and  use  them  to  drive  a  television  monitor. 
A  manual  or  automatic  control  circuit  in  the 
remote  control  station  would  send  com- 
mand signals  to  the  decoder  and  to  the 
adaptive  sampler  at  the  camera  according 
to  the  capacity  of  the  video  channel  and 
the  motion  of  the  image  as  determined  by 
the  rangefinder. 

The  sampling  rate  per  pixel  would  be  set 
equal  to  the  channel  capacity.  The  display 
simultaneous-refresh  rate  would  be  set  to 
present  the  optimum  resolution  in  motion 
as  a  function  of  the  speed  of  motion.  Each 
horizontal  line  scanned  by  the  camera 
would  be  sampled  at  a  rate  fast  enough  to 
equal  the  video  channel  capacity.  For  ex- 
ample, a  500  kb/s  channel  would  allow 
sampling  every  16th  pixel  of  a  60-Hz, 
525-line,  positive-interlace  camera  having 
400  pixels  per  line. 

The  first  encoded  field  would  then  con- 
sist of  250  lines  of  25  encoded  pixels  each. 
(Of  the  262 1/2  lines  in  a  field,  121/2  are  used 
for  the  vertical  retrace.)  Each  additional 
field  would  consist  of  a  different  set  of  25  by 
250  pixels  until  32  fields  —  a  full-resolution 
frame  —  are  accumulated.  The  individual 
low-resolution  fields  would  be  stored  in  the 
adaptive  decornmutator  at  the  control  sta- 
tion. On  command,  the  decornmutator  would 
play  back  all  fields  simultaneously  or  any 
combination  of  fields,  as  determined  by  the 
motion  in  a  scene. 

The  rangefinder  data  would  be  encoded 
into  the  vertical-blanking  interval  to  control 
the  number  of  fields  played  back  simul- 
taneously. Increased  motion  would  allow 
fewer  simultaneous  playbacks.  The  avail- 
able channel  capacity  determines  the 
number  of  fields  that  are  available  for  full 
resolution.  The  channel  capacity  and  the 
compression  ratio  could  be  determined  by 
the  camera  or  by  the  control-station  circui- 
try. 

This  work  was  done  by  Olin  L.  Graham 
of  Johnson  Space  Center. 
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This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent  Coun- 
sel, Johnson  Space  Center 
Refer  to  MSC-20821  /77V 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C  Glenn 
Mail  Code  EA4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 
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FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box 8757, 
BWI  Airport,  MD  21240;  (301)621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Addressable  Inverter  Matrix  Tests  Integrated-Circuit  Wafer 

Addressing  elements  indirectly  through  a  shift  register  reduces  the  number  of  test  probes. 


With  the  aid  of  a  new  technique,  a  com- 
plex test  structure  on  a  silicon  wafer  can  be 
tested  with  a  relatively  small  number  of  test 
probes.  The  technique  conserves  silicon 
area  by  reduction  of  the  area  devoted  to 
pads.  At  the  same  time,  it  allows  thorough 
evaluation  of  test  structure  characteristics 
and  of  manufacturing  process  parame- 
ters. 

This  test  structure  consists  of  an  invert- 
er matrix  (essentially  a  matrix  of  transistor 
switches  and  power  conductors)  and  a 
shift  register  formed  on  the  wafer  by  the 
same  photolithography  used  to  form  the  in- 
tegrated circuits  on  the  wafer.  The  shift 
register  addresses  each  of  the  inverters  in 
the  matrix.  The  shift  register,  in  turn,  is  con- 
trolled by  signals  from  an  external  testing 
instrument. 

Previously,  only  the  inverter  matrix  was 
placed  on  the  wafer.  The  elements  of  the 
matrix  were  addressed  directly  by  the  ex- 
ternal instrument,  and  a  relatively  large 
number  of  pads  were  needed  for  the  instru- 
ment probes.  To  test  100  inverters,  for  ex- 
ample, 20  pads  were  needed.  With  the  ad- 
dition of  the  shift  register  for  addressing  the 
inverter  matrix,  the  number  of  testable  cir- 
cuits does  not  depend  on  the  number  of 
pads.  In  a  demonstration  wafer,  for  exam- 
ple, only  20  pads  could  accommodate  222 
CMOS  (complementary  metal  oxide/semi- 
conductor) inverters. 

The  test  structure  consists  of  a  shift  re- 
gister and  a  matrix  of  inverter/  transmis- 


sion-gate cells  connected  to  a  two-by-ten 
array  of  probe  pads  (see  figure).  The  entire 
pattern  is  contained  in  a  square  area  hav- 
ing only  1.6-millimeter  sides.  The  shift  re- 
gister is  a  conventional  static  CMOS  de- 
vice that  uses  inverters  and  transmission 
gates  in  a  master/slave  D  flip-flop  configur- 
ation. 

A  single  probe  pad  connects  to  all  the  in- 
verter inputs.  The  inverter  outputs  connect 
to  row-addressable  transmission  gates, 
which  connect  to  column  buses  that  termi- 
nate at  probe  pads.  The  shift  register  ap- 
plies proper  biases  to  turn  on  the  transmis- 
sion gates  row  by  row.  Each  inverter  has 
the  same  low  series  resistance  in  its  power 
line. 

Of  course,  it  is  necessary  to  be  sure  that 
the  shift  register  works  properly  before  the 
test  pattern  can  be  evaluated  reliably. 
Therefore  three  reference  sites  are  placed 
in  the  matrix.  At  these  sites,  the  inverters 
are  absent,  and  the  input  to  the  transmis- 
sion gate  is  connected  to  the  structure  in- 
put. When  measurements  are  made  at 
these  sites,  the  output  voltage  is  expected 
to  equal  the  input  voltage  if  the  shift-regis- 
ter devices  are  good.  In  effect,  the  sites 
serve  as  markers  that  indicate  that  the  shift 
register  has  advanced  to  rows  1,8,  and  15. 

This  work  was  done  by  Martin  G. 
Buehler  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 


nautics and  Space  Act  [42  U.S.C  2457(f)], 
to  Caltech.  Inquiries  concerning  licenses 
for  its  commercial  development  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207 East  California  Boulevard 

Pasadena,  CA  91125 

Refer  to  NPO-16612,  /TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Cordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA91109 
(818)354-4849 
Patent  Counsel: 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr  tor  JPL  Norman 
L  Chalfm 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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The  Test  Pattern  consists  of  a  shift  register  (narrow,  densely  detailed  region  at  left),  the  addressable  inverter  matrix  (the  regular  grid  occupy- 
ing most  of  the  area),  and  the  probe  pads  (the  20  square  blocks  at  the  bottom).  The  matrix  contains  222  inverters  and  three  reference  sites. 
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Composite  Cathode-Ray  Tube 

The  brightness  and  resolution  of  large  images  would  be  increased. 


A  proposed  composite  cathode-ray 
tube  would  consist  of  a  rectangular  array 
of  cathode-ray  tubes  joined  at  the  edges, 
sharing  a  common  vacuum.  Each  electron 
gun  would  generate  an  independent  image 
on  its  portion  of  the  screen.  The  composite 
tube  (see  figure)  would  be  operated  most 
advantageously  under  digital  control  to 
make  available  several  display  modes;  for 
example,  different  split-screen  images  of 
arbitrary  size,  one  large  image  formed  as  a 
mosaic  of  the  individual  images,  or  each 
gun  generating  a  separate,  unrelated  im- 
age in  the  conventional  manner. 

The  number  of  picture  elements  avail- 
able for  one  large  composite  image  is  the 
sum  of  elements  contributed  by  all  the 
component  tubes.  Consequently,  the  reso- 
lution can  be  greater  than  in  a  projection 
television  picture  obtained  by  conventional 
optical  magnification  of  a  standard  image, 
which  does  not  increase  the  number  of  pic- 
ture elements. 

The  brightness  of  the  composite  display 
would  be  greater  than  that  of  a  magnified 
image.  This  is  because  in  the  composite 
tube,  each  component  tube  would  operate 
at  normal  brightness;  whereas  optical 
magnification  spreads  the  light  out,  and  the 
cathode-ray-tube  current  cannot  be  in- 
creased enough  to  compensate.  There- 
fore, although  a  magnified  display  must  be 
viewed  in  a  darkroom,  the  composite  dis- 
play could  be  viewed  in  a  well-lit  room. 


■  Screen 


Electron 
Beam 


The  Composite  Cathode-Ray  Tube  would 
contain  a  rectangular  array  of  electron 
guns  aimed  at  a  flat  screen.  A  single  large 
image  or  a  split-screen  display  would  be 
formed  by  the  mosaic  of  the  images  gener- 
ated by  the  electron  guns. 


When  the  full  composite  screen  is  used 
to  display  a  conventional  imaged  the  resolu- 
tion would  not  be  increased  because  the  in- 
put signal  still  contains  only  the  con- 
ventional number  of  picture  elements.  The 
effect  of  magnified  graininess  could  be  al- 
leviated, however,  by  dividing  each  input 
picture  element  into  subelements  and 
using  digital  image  enhancement.  The 
brightness  of  each  picture  element  would 
be  convolutionally  processed  with  that  of 
neighboring  elements  to  produce  subele- 
ments that  smooth  out  brightness  steps  in 
regions  of  gradual  transition.  Edge-detec- 
tion techniques  would  also  be  used  so  that 
sharp  edges  would  not  be  smoothed  out 
but  instead  confined  to  lines  of  single 
elements. 

The  composite  tube  would  be  useful  for 
classroom  presentations,  conferences, 
and  the  like.  For  example,  large,  detailed 
maps  could  be  presented  to  academic, 
governmental,  or  military  audiences.  Im- 
ages from  remote  sensing  equipment 
could  be  more  detailed,  with  resolution  in- 
creased by  using  multiple,  parallel  video 
transmission  channels,  one  for  each  elec- 
tron gun. 

This  work  was  done  by  Mukund  D. 
Gangal  ofCaltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16549  /TN 
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Improved  Traveling-Wave  Tube 

This  new  design  provides  high  power  and  bandwidth. 


A  new  space  traveling-wave  tube  (TWT) 
provides  a  coherent  source  of  75  watts  of 
continuous-wave  (CW)  power  output  over  a 
bandwidth  of  5  GHz  at  a  frequency  of 
65  GHz.  This  coupled-cavity  TWT  provides 
50  dB  of  saturated  gain.  The  TWT  includes 
a  thermionic  emitter,  an  M-type  dispenser 
cathode  that  provides  a  high-power  elec- 
tron beam.  The  beam  is  focused  by  perma- 
nent magnets  through  the  center  of  the 
radio-frequency  (RF)  cavity  structure. 

The  coupled  cavity  circuit  is  a  slow- 
wave  structure  that  supports  the  RF  signal. 
Amplification  takes  place  by  an  exchange 


of  energy  between  the  electron  beam  and 
the  RF  wave.  The  power  of  the  signal  in- 
creases until  the  signal  leaves  the  RF 
structure.  The  beam  is  collected  in  a  four- 
stage,  radiation-cooled  collector.  The  effi- 
ciency of  the  TWT  is  increased  by  operat- 
ing the  four-stage  collector  at  increasingly 
higher  bias  voltages. 

This  V-band  TWT  represents  a  break- 
through in  the  development  of  a  very-wide- 
band, high-gain  75-WCWRF  amplifier.  This 
development  provides  the  opportunity  to 
deploy  satellite-to-satellite  communica- 
tions systems  with  capabilities  for  the 


transmission  of  information  far  exceeding 
present  capabilities.  The  TWT  is  designed 
for  reliable  operation  for  10  years.  Its 
overall  efficiency  of  35  percent  minimizes 
the  prime  power  input  and  dissipation  of 
heat.  The  availability  of  this  new  space 
TWT  provides  the  means  to  meet  the 
future  requirements  of  very-high-data-rate 
transmission  links  between  satellites. 

This  work  was  done  by  Art  Rousseau, 
Ivo  Tammaru,  and  John  Vaszari  of  Hughes 
Aircraft  Co.  for  Lewis  Research  Center. 
LEW-14580  /TN 
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Loss-Compensated  Optical  Sensor  Systems 

Variations  in  fiber  losses  have  little  effect  on  outputs. 


A  fiber-optic  sensing  system  that  is  con- 
ceptually related  to  the  electrical  bridge 
circuit  is  scarcely  affected  by  variations  in 
the  losses  of  optical  fibers  and  connectors. 
Versions  of  the  system  have  been  investi- 
gated for  use  as  linear-  and  angular-posi- 
tion sensors  for  advanced  aircraft  controls. 
Position  accuracies  of  8  to  10  bits  may 
eventually  be  achieved. 

The  heart  of  the  generic  system  (see 
Figure  1 )  is  a  beam-splitting  transducer,  the 
splitting  ratio  of  which  varies  as  a  function 
of  magnitude  of  the  sensed  parameter.  The 
light  from  two  light-emitting  diodes  (LED's) 
is  carried  by  two  optical  fibers  to  the  op- 
posite faces  of  the  transducer.  The  light 
transmitted  and  reflected  by  the  transduc- 
er is  carried  through  another  two  optical 
fibers  to  two  photodiodes. 


The  LED's  are  switched  on  and  off  alter- 
nately, and  the  resulting  photodiode  out- 
puts are  time-demultiplexed  to  obtain  the 
transmission  and  reflection  measure- 
ments. These  measurements  are  digitized 
and  processed  to  obtain  the  ratio  Y: 

Y  =  (TATB/RARB)V2 
where  TA(or  B)  is  the  output  of  photodiode  U 
(or  V)  when  receiving  light  transmitted 
through  the  transducer  from  LED  A  (or  B), 
and  RA(or  B)  is  the  output  of  photodiode  U  (or 
V)  when  receiving  light  from  LED  A  (or  B) 
by  reflection  from  the  transducer. 

With  suitable  assumptions  regarding 
the  insensitivity  of  the  system  to  the  modal 
distribution  of  the  light,  the  ratio  is  also 
given  by 


where  tA,  tB,  rA,  and  rB  denote  the  transmis- 
sion (t)  and  reflection  (r)  coefficients  of  the 
transducer  for  the  corresponding  meas- 
urements TA,  TB,  RA,  and  RB,  respectively. 
Because  the  loss  coefficients  of  the  optical 
fibers  and  fiber  connectors  do  not  appear 
in  this  equation,  Y  is  unaffected  by  chang- 
es in  these  losses;  for  example,  changes 
due  to  the  reconnection,  bending,  or  re- 
placement of  fibers. 

The  transmission  and  reflection  coeffi- 
cients are  known  functions  of  the  magni- 
tude of  the  sensed  parameter,  either  by 
design  or  by  calibration.  Thus,  the  system 
output  signal  Y  can  be  interpreted  in  terms 
of  this  physical  variable.  Measurements  on 
an  angle  sensor  like  that  of  Figure  2  con- 
firm the  assumption  that  Y  is  a  highly  stable 
function  of  position;  for  example,  the  dis- 
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Figure  1.  In  the  Generic  Loss-Compensated  Optical  Sensor,  light  is  generated  alternately  by 
two  LED's.  Two  photodiodes  measure  the  light  reflected  from,  and  transmitted  through,  the 
transducer. 
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connection  and  reconnection  of  fibers  be- 
fore each  of  50  measurements  caused  a 
standard  deviation  of  0.2°  in  the  angle 
measurement,  representing  about  0.7  per- 
cent of  full  scale. 

This  work  was  done  by  Glenn  Beheim  of 
Lewis  Research  Center  and  Donald  J. 
Anthan  of  Cleveland  State  University.  Fur- 
ther information  may  be  found  in  NASA 
TM-88825  [N87-13637/NSP],  "Loss-Com- 
pensation of  Intensity-Modulating  Fiber- 
Optic  Sensors. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A02]  LEW-14547/TN 
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Figure  2.  The  Loss-Compensated  Optical  Angle  Sensor  operates  on  the  principle  of  the  gen- 
eric sensor  shown  in  Figure  1.  The  transducer  is  a  rotating  beam  splitter,  the  optical  density 
of  which  varies  from  0  to  2.0  as  a  monotonic  function  of  its  angle  of  rotation. 
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Stereoscopic  Optical  Signal  Processor 

Correlation  of  optical  signals  indicates  the  identity,  distance,  or  movement  of  an  object. 


An  optical  signal  processor  produces  a 
two-dimensional  cross  correlation  ot  im- 
ages from  a  stereoscopic  video  camera  in 
real  time.  The  cross  correlation  is  used  to 
identify  an  object,  determine  its  distance, 
or  measure  its  movement. 

Video  images  from  a  pair  of  mono- 
chrome television  cameras  are  transmit- 
ted over  separate  lines  to  separate  cath- 
ode-ray tubes,  where  the  two  images  are 
displayed.  The  light  from  each  cathode-ray 
tube  is  collected  and  collimated  by  a  lens 
and  directed  onto  the  input  plane  of  an  as- 
sociated liquid-crystal  light  valve  (see 
figure).  Simultaneously,  part  of  the  light 
from  a  diffuse,  extended  source  (a  laser, 
tungsten  filament,  or  arc  lamp)  is  linearly 
polarized,  collimated,  and  directed  through 
one  of  the  polarization-sensitive  beam  split- 
ters onto  the  output  plane  of  one  of  the  light 
valves.  Part  of  this  light  is  also  directed 
through  the  other  polarization-selective 
beam  splitter  and  onto  the  output  plane  of 
the  other  liquid-crystal  light  valve. 

The  linearly  polarized  light  falling  on  the 
output  planes  of  the  two  light  valves  is  mod- 
ulated by  the  images  projected  on  the  input 
planes.  These  modulated  beams  are  re- 
flected from  the  output  planes  back  into 
the  optical  system  and  are  selectively  di- 
rected by  the  beam  splitters  to  a  video  de- 
tector. 

With  the  video  switch  in  position  1 ,  the 
composite  modulated  beams  on  the  video 
detector  produce  range  information.  When 
the  object  is  at  a  predetermined  optimum 
range,  a  peak  correlation  signal  is  pro- 
duced at  the  center  of  the  detector  by  the 
beams  from  the  left  and  right  channels. 
The  distance  of  the  correlation  signal  from 
the  center  indicates  the  range  of  the  ob- 
ject. 

With  the  switch  in  position  2,  the  system 
indicates  whether  the  object  has  moved 
with  respect  to  the  cameras.  The  image 
from  the  right  camera  is  stored  in  a  video- 
frame  memory.  At  a  specified  time  later, 
the  stored  image  is  displayed  on  the  left 
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Left  and  Right  Cameras  Modulate  Beams  from  a  light  source  for  correlation  in  a  video  detec- 
tor. The  switch  in  position  1  produces  information  about  the  range  of  an  object  viewed  by  the 
cameras.  Position  2  gives  information  about  movement.  Position  3  helps  to  identify  the  ob- 
ject. 
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cathode-ray  tube  for  modulation  and  com- 
parison with  the  modulated  beam  from  the 
right  channel.  A  reference  image  is  thus 
correlated  with  the  current  image  in  the 
video  detector.  If  the  target  has  moved,  the 
correlation  peak  will  have  shifted. 

With  the  switch  in  position  3,  the  signal 
produced  by  the  right  camera  is  correlated 
with  a  signal  from  a  video  playback  unit.  In 
this  position,  the  system  can  identify  an  un- 
known object.  In  a  trial-and-error  proce- 
dure under  computer  control,  the  playback 
unit  generates  a  series  of  images  of  known 


objects  for  correlation  with  the  unknown 
object  viewed  by  the  right  camera. 

This  work  was  done  by  Glenn  D.  Graig  of 
Marshall  Space  Flight  Center. 

777/s  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,556,986).  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the  Pa- 
tent Counsel,  Marshall  Space  Flight  Center 
Refer  to  MFS-25752./TN 
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Officer:  Ismail  Akbay 

Code  AT01 
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Patent  Counsel: 
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Performance  of  Infrared- 
Detector  Array 

The  noise  equivalent  power  of 
each  picture  element  is  about 
4x10-18  W/Hz1/*. 

A  report  describes  the  design,  characteristics,  and  per- 
formance of  an  Si:Sb  integrated  array  of  infrared  detectors, 
the  sensitivity  of  which  extends  to  a  wavelength  of  about 
31  ^m,  an  improvement  over  the  28-nm  limit  of  current 

Si: As  impurity-band-conduction  devices.  The  report  also 
describes  the  electronics  and  special  Dewar  system  dev- 
eloped to  test  the  device  at  low  temperature  to  reduce 
background  noise. 

The  array  was  developed  as  part  of  a  program  to  dev- 
elop detectors  for  such  future  space-based  infrared 
astrono  my  missions  as  the  Space  Infrared  Telescope 
Facility  and  the  Large  Deployable  Reflector.  The  use  of 
integrated  arrays  in  photometric,  spectroscopic,  and  polari- 
metric  applications  should  allow  extended  portions  of  the  sky 
and  their  associated  spectral  features  to  be  recorded  with  high 
sensitivity  and  superior  positional  accuracy. 

The  array  is  constructed  in  a  hybrid  configuration,  with 
separately-optimized 

detector  and  readout  substrates  mated  together  via  an  ar- 
ray of  indium  bump  contacts,  one  for  each  76-  by  76-/*m  pic- 
ture element  of  the  58-by  62-element  array.  The  silicon 
detector  substrate  is  doped  with  Sb  at  a  concentration  of 
about  4x1 015  atoms/cm3;  to  achieve  optimum  responsivity, 
heavier  doping  would  have  been  required.  A  quantum  efficien- 
cy of  about  20  percent  is  expected.  Nearly  all  of  the  surface  of 
the  array  is  optically  active.  Both  surfaces  of  the  0.5-mm-thick 
detector  substrate  are  covered  with  implanted  transparent  elec- 
trodes. The  rear  surface  is  aluminized  to  provide  a  reflection  that 
increses  the  length  of  the  optical  path  through  the  detector. 

The  direct-readout  multiplexer  chip  contains  switching  metal 
oxide/semiconductor  field-effect  transistors  that  provide  both 
random  access  and  nondestructive  read-out  of  the  charges  ac- 
cumulated in  individual  picture  elements.  This  feature  is  par- 
ticularly useful  in  astronomical  applications  where  bright  and 
faint  objects  commonly  appear  in  the  same  scene  and  is  also 
useful  for  monitoring  the  effects  of  hits  by  energetic  cosmic 
rays. 

During  testing,  the  detector  array  is  mounted  in  a  sealed 
aluminum  chamber  in  a  liquid-helium  Dewar.  A  double-leaved 
shutter  assembly  at  the  upper  end  of  the  helium-cooled 
workspace  has  provisions  for  mounting  filters  and  apertures; 
the  maximum  beam  size  is  f/1 80.  When  the  external  aperture 
is  blocked  off,  the  background  reading  is  1 09  photons/cm2s; 


with  neutral-density  filters  in  place,  the  room-temperature 
background  flux  viewed  by  the  array  has  an  estimated  densi- 
ty of  about  2x1 07  photons/cm2s.  Modifications  are  planned  to 
reduce  the  background  to  about  2x1 05  photons/cm2,  the  level 
expected  in  a  cooled  space  telescope. 

The  test-system  electronics  comprise  three  sections:  (1 )  the 
Dewar  electronics,  (2)  the  "front-end"  equipment,  and  (3)  the 
host  computer.  Mounted  on  the  Dewar  are  an  electronically- 
isolated  level-shifting  unit  that  translates  the  transistor/transistor- 
logic-level  array-address  signals  to  the  metal  oxide/semicon- 
ductor levels  required  by  the  array;  adjustable  dc  bias  supplies; 
and  the  two-channel  preamplifiers  that  filter  and  amplify  the  low- 
level  analog  output  signals  of  the  array  for  transmission  to  the 
"front-end"  equipment. 

The  "front-end"  equipment,  which  is  housed  in  a  19-in. 
(48-cm)  chassis,  uses  a  single-board  computer  based  on  a 
68000  microprocessor  to  address  the  array  and  acquire  the 
data.  A  readout  rate  of  30  frames/s  (1 07  kilopixels/s)  is  possi- 
ble; higher  rates  could  be  achieved  by  the  use  of  timing  circuitry 
on  the  interface  board  of  the  array.  The  transmission  of  a  full 
image  to  the  68010  microprocessor-based  host  computer 
takes  10  ms. 

The  host  computer,  based  on  a  6801 0  microprocessor,  pro- 
vides the  computing  power  and  graphical  capability  to  display 
and  store  the  image  data  generated  by  the  array.  The  computer 
work  station  can  also  serve  as  a  general-purpose  terminal  in  a 
high-speed  local-area  network. 

In  tests  at  a  temperature  of  7  K,  the  multiplexer  worked  well 
both  in  a  fast-reading  mode  (several  frames  per  second)  and 
in  an  integrating  mode  (integration  times  up  to  6  s).  Based  on 
measurements  made  at  a  wavelength  of  2^m  and  scaled  to  the 
peak-response  wavelength  of  30  /im,  the  responsivity  is  be- 
tween 1  and  6  A/W.  Each  well  in  the  multiplexer  has  a  capaci- 
ty of  about  2x1 05  electrons.  The  noise  and  electronic  in- 
terference total  600  electrons  per  reading  or  less  in  a  bandwidth 
of  0.5  Hz;  the  resulting  noise-equivalent  power  for  an  average 
detector  element  is  about  4x1 0"18W/Hz'/J. 

This  work  was  done  by  J.  H.  Goebel,  M.  E.  McKelvey,  C.R. 
McCreight,  andG.  M.  Anderson  of  Ames  Research  Center. 
"Low-Background  Direct  Readout  Array  Performance," 

Inquiries  concerning  rights  for  the  commercial  use  of  this  in- 
vention should  be  addressed  to  the  Patent  Counsel,  Ames 
Research  Center,  Refer  to  ARC-11735./TN 

Ames    Research    Ctr. 

Technology    Utilization  Patent  Counsel: 
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Submounts  for  Laser-Diode  Chips 

A  practical  bonding  method  is  applicable  to  almost  all  types  of  mounts. 


A  universal  method  of  bonding  a  laser- 
diode  chip  to  its  mount  has  been  devel- 
oped. Previous  methods  for  mounting 
laser-diode  chips  have  presented  serious 
problems  and  are  not  applicable  to  all 
types  of  mounts.  The  new  technique  is  ap- 
plicable to  almost  all  of  the  different  types 
of  mounts  used  in  the  production  of  laser 
diodes. 

In  the  new  process,  a  thin  sheet  of  con- 
ducting metal,  such  as  copper,  beryllium/ 

copper,  or  silver  is  photoetched  to  give  a 
multiple  of  square  or  rectangular  pieces  all 
electrically  connected  to  each  other  and  to 
the  original  metal  sheet  via  narrow  con- 
nectors (see  figure).  The  sheet  is  plated 
with  2  nm  of  nickel  and  2  to  4  um  of  tin.  The 
individual  pieces,  or  submounts,  are  then 
separated  manually  by  use  of  a  sharp  knife 
or  are  mechanically  punched  out.  The 
metal  sheet  is  generally  1  to  5  mils  (0.025 
to  0.13  mm)  thick. 

A  submount  is  placed  on  a  mount  and 
the  edge  of  the  submount  aligned  with  that 
of  the  mount.  A  diode  chip  is  then  aligned 
with  the  edge  of  the  submount,  and  the 


Single 
Submount 
Cut  From 
Foil 


^l 

Z5@^Tf^ 

Photoetched  Metal  Foil 


Submounts  are  etched,  then  cut  from  a 
metal  foil. 

diode  is  soldered  in  place  by  heating  the 
whole  assembly.  Because  there  is  tin  plate 
on  both  the  top  and  bottom  of  the  sub- 
mount,  the  chip-to-submount  bonding  and 
submount-to-main-mount  bonding  take 
place  simultaneously.  Then  the  connecting 
wire  is  bonded  from  the  top  of  the  diode  to 
the  wire-bond  area  on  the  mount. 

The  shape  and  size  of  the  submount  can 
be  easily  adapted  to  suit  different  mount 
geometries.  A  big  advantage  of  this  type  of 
submount  is  that  the  edge  on  which  the 


diode  is  mounted  is  very  sharp,  eliminating 
the  costly  need  for  a  sharp  edge  on  the 
mount  itself. 

This  work  was  done  by  Anil  Ramniklal 
Dholakia  and  Louis  TragerofRCA  Corp.  for 
Langley  Research  Center. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  NASA  Act  [42 
U.S.C.  2457(f)],  to  the  David  Sarnoff  Re- 
search Center,  Inc.  Inquiries  concerning 
licenses  for  its  commercial  development 
should  be  addressed  to 

Allen  L.  Limberg,  Patent  Counsel 
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Princeton,  N.J.  08540-0432 
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Trends  in  Satellite 
Communication 

Personal  communications, 
orbiting  switchboards,  and 
videophones  are  foreseen. 

A  report  assesses  trends  in  satellite  com- 
munication from  the  present  to  the  year 
2010.  The  report,  prepared  to  provide 
background  for  long-range  recommenda- 
tions for  NASA  activities,  assesses  current 
applications,  possible  future  applications, 
and  the  effects  of  such  new  developments 
as  optical-fiber  networks,  the  Integrated  Ser- 
vices Digital  Network  standard,  and  very- 
small-aperture  terminals  (VSAT's).  It  ex- 
amines the  restrictions  imposed  by  the 
limited  spectrum  resource  and  the 
technology  needs  created  by  trends. 

The  following  major  developments  are 
predicted: 

•  Large  satellites  for  personal  communica- 
tion, by  which  a  user  wearing  a  small  radio- 
telephone will  be  able  to  dial  virtually  any 
other  telephone; 

•  VSAT-compatible  satellites  with  onboard 
switching  of  voice  messages; 

•  Large  satellites  providing  pervasive  video- 
phone service;  and 

•  Large  geostationary  communication  facil- 
ities used  by  several  carriers,  perhaps 
from  several  nations. 


For  each  of  these  developments,  frequen- 
cy reuse  will  be  needed  and  will  require  large 
and  complex  multibeam  antennas.  Phased- 
array  feeds  will  be  needed  to  minimize  weight 
and  power  consumption  and  to  enhance 
reliability.  Methods  for  generating  and  isolating 
hundreds  of  beams  should  be  studied  and  in- 
tegrated with  the  feed  developments. 

Onboard  processing  is  a  recurring  theme  in 
future  systems,  although  it  varies  in  complex- 
ity. A  baseband  processor  will  serve  as  an  ap- 
propriate start  and  can  be  extended  to  serve 
the  needs  of  several  systems.  For  example, 
communication  links  between  satellites  will 
enable  domestic  satellites  to  connect  to  inter- 
national satellites;  with  onboard  switching,  in- 
ternational calls  could  readily  be  routed  by 
direct  dialing.  For  personal  communication, 
however,  an  order-of-magnitude  increase  in 
circuit  capacity  will  be  needed. 

For  personal  communication  and  one  ver- 
sion of  an  "orbiting/switchboard"  VSAT 
satellite,  narrow-band  uplinks  will  be  necessary 
to  minimize  the  complexity  and  the  effective 
isotropic  radiated  power  of  used  transmitters. 
Therefore  bulk  demodulation  will  be  needed 


to  avoid  the  weight  and  power  consumption 
of  thousands  of  discrete  demodulators. 

This  work  was  done  by  William  A.  Foley, 
Grady  H.  Stevens,  Steven  M.  Stevenson,  Jack 
Lekan,  Clifford  H.  Arth,  James  E. 
Hollansworth,  and  Edward  F.  Miller  of  Lewis 
Research  Center.  Further  information  may 
be  found  in  NASA  TM-88867 
"An  Assessment  of  the 
Status  and  Trends  in  Satellite  Communications 
1986-2000."  [A06] 

Copies  may  be  purchased  [prepayment  re- 
quired] from  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161,  Tele- 
phone No.  (703)  487-4650.  LEW-14548  fTN 
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Optical  Alignment  Device  for  Laser  Communication 

Alignment  can  be  performed  continuously  during  operation. 


An  optical  alignment  device  under  de- 
velopment should  enable  the  continuous 
tracking  and  coalignment  of  two  beams  of 
light.  It  is  intended  primarily  for  a  laser- 
communication  station,  in  which  the  trans- 
mitted beam  must  be  aligned  with  the  re- 
ceived beam  to  ensure  that  the  transmitted 
beam  falls  on  the  receiver  at  the  other  sta- 
tion. The  device  is  expected  to  consume 
less  power  and  to  be  smaller  and  less  com- 
plicated than  the  alignment  shutter  and 
drive  previously  used.  The  shutter-type 
system  did  not  permit  reception  during  the 
alignment  periods. 

The  transmitted  and  received  beams 
can  be  distinguished  by  different  polariza- 
tions, different  wavelengths,  or  both.  The 
overlapping  collimated  beams  pass 
through  a  prism  (see  figure).  One  of  the 
beams  emerges  from  the  prism  at  the  out- 
put end,  and  one  is  reflected  back  toward  a 
mirror  near  the  input  end.  This  separation 
of  the  beams  can  be  accomplished  either 
by  a  dichroic  filter  (in  the  case  of  wave- 
length distinction)  or  by  a  polarization 
beam-splitting  cube  or  filter  (in  the  case  of 
polarization  distinction). 

The  internally  reflected  beam  emerges 
from  the  output  end  of  the  prism  displaced 
laterally  from  the  beam  that  passes 
through  directly.  Both  emerging  beams  are 
focused  by  a  lens  onto  a  charge-coupled 
imaging  device  (CCD).  Associated  elec- 
tronic circuits  extract  the  coordinates  of 
the  two  beam  points  on  the  CCD  and  use 
them  as  control  signals  for  the  laser-beam- 
aiming  mirrors. 

The  device  is  expected  to  work  even 
when  the  transmitted  and  received  beams 
differ  in  wavelength  by  as  little  as  20  A.  It 
should  also  be  possible  to  use  the  device  to 
align  a  wide-band  light  source  with  a  nar- 
row-band light  source  embedded  in  it. 

This  work  was  done  by  William  L  Casey 
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A  Prism  and  Filter  separate  two  overlapping  collimated  light  beams  of  different  wavelength 
or  polarization.  The  coordinates  of  the  two  beams  are  tracked  on  the  charge-coupled  device 
to  determine  the  degree  of  directional  misalignment  between  the  two  beams. 


of  McDonnell  Douglas  Corp.  for  NASA's 
Jet  Propulsion  Laboratory. 
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Example  of  a  passive  solar  design  considered  in  handbook. 


MILITARY  HANDBOOK  1003/19  AVAILABLE  FROM: 

NAVAL  PUBLICATIONS  AND  FORMS  CENTER 

5801  Tabor  Avenue 

Philadelphia,  PA  19120 

Autovon  442-2267  or  Comm  (215)  697-2267 
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Desiccant  Dehumidification  System  Utilizing  Waste 
Heat  from  Air  Conditioners 


Humidity  control  in  air  conditioning  can  be  the  cause  of  a  tremendous 
increase  in  cooling  load.     Very  generally,  the  load  in  conditioning  an 
enclosed  space  can  be  attributed  to  two  sources:     (a)  the  sensible  cooling 
load  and  (b)  the  latent  cooling  load.     If  the  relative  humidity  in  the  room  > 

is  far  above  the  prescribed  limit  for  comfort,  the  latent  cooling  load  forms 
a  substantial  part  of  the  total  cooling  load. 

A  project  seeked  to  reduce  air  conditioning  loads  by  tackling  the  problem 
of  dehumidification  of  the  air  in  a  unique  manner.     Rather  than  cool  the  air 
below  the  dew  point,  moisture  is  extracted  from  the  air  physically  using  a 
desiccant  material  (silica  gel). 

The  system  utilized  silica  gel  in  a  rotating  wheel  arrangement  to  remove 
moisture  from  air.     The  silica  gel  was  regenerated  using  waste  heat  from  a 
vapor  compression  cycle  system.     The  rotating  wheel  dehumidifier  was  a  unique 
design  which  provided  for  air  flow  through  parallel  passages  in  the  wheel  in 
order  to  minimize  pressure  drops  while  the  moisture  was  being  removed  from 
the  air.     The  complete  system  was  analyzed,  designed  and  tested  in  the  project. 

Preliminary  testing  of  the  system  was  conducted  with  a  heat  recovery  heat 
exchanger  in  the  loop  in  order  to  reduce  the  energy  required  from  the  vapor 
compression  cycle.     The  presence  of  the  heat  exchanger  caused  unequal  flow 
distribution,  pressure  drops  and  leakage  problems.     After  analysis  of  the 
problems  and  of  the  relatively  low  amount  of  energy  generally  recovered  by 
the  heat  exchanger,  the  system  was  redesigned  to  be  operated  without  the 
heat  exchanger. 

The  new  configuration  was  tested  to  obtain  information  on  moisture  removal 
rates  for  the  system.     Representative  data  were  obtained,  and  none  of  the 
earlier  flow  distribution  problems  were  encountered. 

Several  design  options  were  evaluated  to  determine  the  most  feasible  approach 
for  a  commercial  desiccant  dehumidification  system.     Evaluations  were  made 
of  bypass  systems  which  process  different  fractions  of  the  return  air.     It  was 
concluded  that  the  best  system  would  be  one  which  processed  all  of  the  return 
air,  but  which  used  a  control  system  to  vary  the  speed  of  rotation  of  the 
desiccant  wheel  in  order  to  optimize  the  system  performance. 

Based  on  consideration  of  the  different  design  options  and  on  the  test  data 
obtained,  an  economic  analysis  was  made  to  determine  commercial  feasibility 
of  such  a  system. 

From  results  of  the  technical  and  economic  evaluations,  it  was  concluded  that 
such  a  desiccant  dehumidification  system  may  be  commercially  viable  and  that 
additional  development  of  the  system  is  warranted. 
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Rotary  Recuperative  Magnetic  Heat  Pump 

A  heat  pump  provides  means  for  more  efficient  heat  pumping  and  refrigeration. 
The  primary  problem  overcome  by  the  rotary  design  is  the  refrigerator  ineffi- 
ciency found  in  other  types  of  heat  pumps.     In  addition,  the  INEL  design 
eliminates  problems  with  dynamic  seals  and  frictional  heat  generation.     The 
device  relies  simply  on  parallel  flow  paths;   the  primary  flow  leg  allows  heat 
transfer  between  external  load  and  sink  and  magnetic  working  material,  while 
the  parallel  flow  accomplishes  recuperation.     A  reduction  in  design  complexity 
and  an  acceptable  magnetic  field  profile  has  also  been  achieved. 

This  heat  pump's  efficiency  approximates  70%  of  second  law  limits,  versus  40- 
50%  realized  by  conventional  technology.     The  system  operates  from  near 
absolute  zero  to  about  1300K.     Its  rotary  recuperative  design  is  superior  to 
other  possible  configurations  or  regenerative  magnetic  heat  pumps. 

Applications  include  residential  and  industrial  heat  pump  manufacturers, 
industrial  refrigeration  manufacturers,  and  refrigeration  equipment  manufac- 
turers. 


Fluid  flow 


Housing 


Magnet 


b.  T-S  diagram  7TSTt 

Rotary  recuperative  magnetic  heat  pump  with  the  pressure  drop 
through  field  change  regions  driving  recuperator  fluid  flow. 


Rotor 


Figure  2.  Bench  scale 
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Forming  Solar-Cell  Junctions  by  Flash  Diffusion 

An  expedited  fabrication  process  costs  less  but  does  not  sacrifice  cell  performance. 


A  modified  fabrication  process  simul- 
taneously forms  the  front  and  back  junc- 
tions of  silicon  photovoltaic  cells.  With  flash 
diffusion,  junctions  can  be  formed  in  10  to 
20  seconds  instead  of  20  to  30  minutes  as 
in  conventional  one-side-at-a-time  thermal 
diffusion.  Cost  reductions  of  25  to  30  per- 
cent are  expected  with  the  modified  proc- 
ess. Moreover,  the  devices  produced  have 
performance  equal  to  or  better  than  that  of 
cells  made  by  conventional  diffusion. 

In  flash  diffusion,  a  ribbon  of  silicon 
(grown  by  the  dendritic-web  process)  is 
coated  on  both  sides  with  liquid  dopants, 
then  exposed  simultaneously  on  both  sides 
to  a  brief  pulse  of  heat  from  a  tungsten/ 
halogen  flashlamp.  The  heat  quickly  drives 
the  dopants  into  the  silicon,  where  they 
form  semiconductor  junctions  about  0.2  Am 
deep  (see  figure).  The  dopants  on  opposite 
sides  remain  isolated  from  each  other; 
they  do  not  have  time  to  cross-contami- 
nate as  they  do  when  simultaneous  ther- 
mal diffusion  is  attempted. 


In  a  laboratory  demonstration  of  flash 
diffusion,  liquid  dopants  were  applied  to  sili- 
con ribbons  manually  with  applicator  pads 
(a  meniscus  coating  machine  would  be 
used  in  production).  Both  n-  and  p-type  ma- 
terials were  used,  in  thicknesses  of  100 
and  130  Am.  The  ribbons  were  flashed  at 
1,100  °C  for  10  seconds  in  an  argon  at- 
mosphere. About  200  ribbons,  represent- 
ing more  than  200  solar  cells,  were  treated. 

The  best  performance  was  obtained 
with  n-type  material,  into  which  a  p/n/n+ 
cells  were  14  to  15  percent  efficient  —  at 
least  as  good  as  conventionally  diffused 
cells. 

This  work  was  done  by  Paul  Alexander, 
Jr.,  ofCaltech  for  NASA's  Jet  Propulsion 
Laboratory  and  Robert  B.  Campbell  of 
Westinghouse  Electric  Co. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL  Refer  to  NPO-17048/TN 
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This  p+/n  Junction  was  formed  by  flash  dif- 
fusion of  p+  material  into  an  n-type  silicon 
substrate. 
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Detecting  Faults  in  High-Voltage 
Transformers 

A  simple  fixture  aids  the  detection  of  faults  that  escape  standard 
inspection  procedures. 


A  simple  fixture  quickly  shows  whether 
a  high-voltage  transformer  has  excessive 
voids  in  its  dielectric  materials  and  whether 
its  high-voltage  lead  wires  are  too  close  to 
the  transformer  case.  The  fixture  is  a 
"go/no-go"  indicator;  a  corona  appears  in  it 
if  the  transformer  contains  such  faults. 

Voids  as  small  as  0.01  in.  (0.25  mm)  or 
less  allow  internal  arcs  in  epoxy  insulating 
material  that  can  destroy  a  transformer  un- 
der high-voltage  stress.  Electrical  break- 
down can  also  result  where  a  high-voltage 
wire  is  not  covered  with  a  sufficient  thick- 
ness of  insulation.  In  both  cases,  the  faults 
can  elude  standard  x-ray  inspection  but 
are  readily  detectable  with  the  help  of  the 
fixture. 

The  fixture  consists  of  a  cap  of  clear 
epoxy  resin  with  stainless-steel  mesh  lining 
the  cavity  (see  figure).  The  inside  of  the  cap 
is  sized  and  shaped  to  mate  with  the  trans- 
former.  Leads  connect  the  mesh  to 
ground.  The  high-voltage  transformer  is  in- 
serted in  the  cap,  and  a  15-kV  potential  is 
applied  to  it. 

If  the  transformer  has  voids  or  wire- 
proximity  faults,  a  glow  will  be  visible  in  the 
mesh  when  it  is  viewed  through  the  cap  in 
a  dark  room.  The  position  of  the  corona 
glow  indicates  the  location  of  the  fault  in 
the  transformer.  The  fixture  has  been  used 
to  detect  several  faulty  transformers  that 
had  passed  x-ray  inspection. 


SECTION  A-A 
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The  Transformer  Nests  in  a  Wire  Mesh  supported  by  a  cap  of  clear  epoxy.  If  the  transformer 
has  defects  of  the  type  described  in  the  text,  the  blue  glow  of  a  corona  appears  in  the  mesh 
and  can  be  seen  through  the  cap. 
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US  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 

Hanover,  NH  03755 

Polyurethane  Foam  Systems  for  Overcoating 
Bituminous  Built-Up  Roofs 

PROBLEM 

Complete  replacement  of  built-up  roofs  that  have  suffered  natural 
deterioration  is  an  expensive  undertaking.  Alternative  approaches 
are  required. 

SOLUTION 


Polyurethane  foam  (PUF)  is  one  of  the  building  industry's  most 
efficient  thermal  insulators.     The  twenty-odd  years  that  PUF  has 
been  used  have  seen  a  great  deal  of  experimentation  in  foam 
formulation,  density  and  thickness,  application  techniques  and 
equipment,  coating  types  and  thicknesses,  and  types  of  roofs  and 
surfaces.     PUF  is  now  being  successfully  used  on  existing  built-up 
roofs,  where  it  is  applied  over  the  old  roof  material  after  all  loose 
stone  and  debris  have  been  removed.     The  major  requirements  are 
that  the  old  roof  be  dry  and  well-adhered,  and  have  a  good  slope 
to  drain. 

RESULTS 


Successful  applications  of  PUF  have  exhibited  low  first  cost,  energy 
efficiency,  and  the  promise  of  long  life.     Where  no  tear-off  of  the 
old  built-up  roof  is  required,  and  where  additional  insulation  is 
desired,  PUF  is  often  an  economical  roofing  alternative.     PUF  can 
provide  a  new  membrane  and  an  added  insulation  R-value  of   15 
over  and  old,  dry,  well-adhered  built-up  roof,  for  a  total  cost  of 
about  $3.00  per  square  foot. 

In  1986  and  1987  two  Army  demonstration  projects  were  completed 
at  Ft.  Devens  and  Natick  Labs,  Massachusetts.     In   1988,  inspection 
and  maintenance  techniques  for  existing  PUF  roofs  will  be  demon- 
strated.    All  demonstrations  will  be  documented  by  report  and  video- 
tape. 

CONTACT 

Charles  McKenna 

US  Army  Corps  of  Engineers 

CRREL 

72  Lyme  Rd 

Hanover,  NH  03755-1290 

(603)  646-4336  or  4190 
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US  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 


Hanover,  NH  03755 


Protected  Membrane  Roofs 


PROBLEM 

Conventional  roofs  can  have  a  relative  short  life  and  often  high  main- 
tenance costs.     Their  benefit-to-cost  ratio  can  be  fairly  low. 


SOLUTION 


In  a  protected  membrane  (PM)  roof,  the  membrane  is  protected  from 
thermal  shock  and  solar  radiation  by  layers  of  insulation  and  ballast 
installed  above  the  membrane.     A  filter  fabric  between  the  ballast 
and  the  insulation  "rafts"  the  system  together,  reducing  the  amount  of 
ballast  needed.     The  filter  fabric  also  keeps  dirt  out  of  the  system  and 
facilitates  drainage.     In  PM  systems,  the  membrane  may  be  of  conven- 
tional bitiminous  built-up  material  or  one  of  the  more  recently  developed 
single-ply  membranes  of  rubber,  plastic,  or  modified  bitumen.     One 
advantage  of  some  of  the  single-ply  membranes  is  that  they  need  not 
be  adhered  to  the  roof.     To  date,  the  only  insulation  which  has  proved 
to  be  sufficiently  moisture-resistant  to  be  used  above  the  membrane 
in  PM  roofs  is  extruded  polystyrene.     Concrete  pavers,  rounded  river 
stone,  and  crushed  rock  are  used  as  ballast. 


RESULTS 

A  PM  roof  with  a  rubber  membrane  has  been  installed  on  Building  3822 
at  Ft.  Devens,  Massachusetts,  and  seven  PM  roofs  have  been  built  at 
Ft.  Wainwright,  Alaska.     Four  of  the  Alaskan  demonstration  roofs  contain 
rubber  membranes,  two  contain  bituminous  built-up  membranes  and  one 
is  water-proofed  with  an  SBS-modified  bitumen.     Reports  and  videotapes 
on  these  demonstrations  are  in  preparation. 


CONTACT 

Wayne  Tobiasson 

US  Army  Corps  of  Engineers 

CRREL 

72  Lyme  Rd. 

Hanover,  NH  03755-1290 

(603)  646-4223 


BALLAST 


FILTERHFABRIC&* 
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US  Army  Fact  Sheet 


USAETL  Tests  Volume  Computation  Method 


An  response  to  the  U.S.  Army  Corps 
of  Engineers'  need  for  a  more  accurate 
method  to  compute  volumes  on  civil 
engineering  projects,  USAETL  is 
evaluating  a  new  method  known  as  the 
Triangulated  Irregular  Network  (TIN). 
This  concept  shows  promise  of  being 
considerably  more  accurate  than 
traditional  volume  computation  methods 
which  involve  assumptions  and 
approximations  that  are  often  the  basic 
cause  of  disputes  between  the  Corps  and 
dredge  contractors.  If  the  evaluation  is 
successful  and  the  results  positive,  the 
TIN  should  cut  down  on  the  number  of 
disputes. 

To  show  advantages  of  the  new  system, 
a  comparison  will  be  made  with  the  most 
popular  methods  currently  used.  The 
average  end  area  method,  the  technique 
now  predominately  used,  requires  a 
survey  in  order  to  collect  a  series  of  data 
points  to  define  the  surface  of  an  area.  For 
example,  to  measure  the  volume  of 
material  to  be  dredged  from  a  channel,  a 
hydrographic  surveyor  would  collect  data 
points  along  a  line  across  the  proposed 
channel.  The  area  of  the  cross  section  of 
the  channel  is  then  computed.  By 
repeating  the  process  and  measuring  the 
distance  between  adjacent  cross-sectional 
areas,  the  approximate  volume  of 
material  to  be  removed  is  calculated. 
Approximate  volume  quantities  result 
from  an  assumption  that  the  average 
cross  section  is  representative  of  the 
entire  channel  segment. 

With  the  advent  of  the  computer,  an 
alternative  procedure  genef  ally  known  as 
the  grid  method  has  been  adopted.  Using 
this  method,  the  3-D  depiction  of  an  area 
is  created  and  divided  into  cells.  The 
volume  of  each  cell  is  then  calculated.  A 
drawback  to  this  method  is  that  only 
limited  survey  data  are  used  in  plotting 
the  cells  resulting  in  the  position  of  many 
data  points  being  estimated  rather  than 
measured.  Further,  this  method 
introduces  errors  as  it  computes 
intermediate  data  points.  If  a  data  point 
does  not  happen  to  occur  in  the  center  of 


Shaded  triangles  in  this  artist's  concept  of  the  Triangulated  Irregular  Network 
method  depict  segments  of  a  channel  for  which  volume  will  be  calculated. 


a  cell,  the  computer  centers  it,  thus 
introducing  another  volume  computation 
error. 

The  TIN  method  is  unique  because  it 
can  use  all  data  points  collected  by  the 
survey  including  data  that  are  usually 
collected  but  not  used  in  the  volume 
computations.  Using  the  TIN  system 
software,  a  sufficient  number  of  data 
points  to  accurately  define  a  surface  area 
are  connected  to  form  a  series  of  triangles. 
Data  points  do  not  have  to  be  estimated 
nor  are  they  shifted  in  position  as  in  the 
other  methods. 


o, 


'bviously,  all  methods  of  volume 
calculation  depend  on  measured  data 
points.  Even  the  TIN  method  can  be 
inaccurate  if  insufficient  data  points  are 
collected.  With  the  average  end  method, 
no  matter  where  the  data  points  were 
collected,  the  data  must  be  adjusted  to  a 
form  consistent  with  the  math  model  and 
data  reduction  requirements.  Likewise, 
with  the  grid  method  system,  similar 
approximations  and  adjustments  are 
made  to  conform  to  data  reduction 
procedural  requirements.  A  definite 
advantage  with  the  TIN  method  is  that 
survey  data  can  be  collected  in  a  pattern 
that  best  defines  the  terrain,  and  the 
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software  will  accommodate  all  data 
points. 

Knowing  the  elevation  of  the  three  data 
points  that  form  each  triangle  and  the 
projected  design  template,  the  volume  of 
each  polyhedron  cell  is  calculated  and  the 
volume  elements  are  totaled  by  the  TIN 
software  to  give  the  volume  of  the  area 
under  consideration. 

The  term  "irregular"  in  the  TIN 
acronym  denotes  an  important  property, 
i.e.,  that  each  triangle  has  a  unique  size 
and  shape.  They  are  as  geometrically 
strong  as  the  data  set  allows.  The  more 
data  points  collected,  the  more  accurately 
the  surface  is  defined,  and  thus  increased 
accuracy  is  realized  in  the  resulting 
volume  calculation. 

USAETL  is  testing  the  TIN  method  in 
the  field.  Software  developed  by 
USAETL  is  being  used  by  selected  Corps 


districts  who  will  provide  feedback  on  the 
accuracy  of  the  method.  A  USAETL 
report  detailing  the  results  will  be 
published  containing  comparisons  of  the 
competing  methods.  Since  commercial 
concerns  are  starting  to  adopt  the  TIN 
method  and  beginning  to  develop  their 
own  software,  USAETL's  evaluation  will 
include  experiences  of  private  industry  as 
well  as  those  of  the  Corps. 

For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Mr.  George  Simcox 

U.S.  Army  Corps  of  Engineers 

Engineer  Topographic  Laboratories 

Ft.  Belvoir,  VA  22060 

(202)  355-2629 

Refer  to  Tech-Tran  item  13-number  1 
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Air  and  Energy  Engineering 
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Research  Triangle  Park  NC  2771  1 


Research  and  Development 


•  oEPA         Project  Summary 


Evaluation  of  the  Effectiveness 
of  Chemical  Dust  Suppressants 
on  Unpaved  Roads 


The  long-term  effectiveness  of  five 
unpaved-road  chemical  dust  suppres- 
sants was  measured.  Effectiveness  at 
controlling  total  particulate  emissions 
in  three  size  fractions  (  <  15,  <  10, 
and  <  2.5  /;m)  was  determined  over 
several  cycles  of  chemical  application, 
control  effectiveness  decay,  and  chem- 
ical reapplication.  All  five  chemicals 
were  tested  on  the  same  road  with  each 
chemical  used  on  separate,  abutting 
road  segments.  The  chemicals  were 
applied  in  quantities  that  spanned  the 
range  of  common  practice  in  the  steel 
industry.  Traffic  parameters  were 
typical  of  the  steel  industry.  Over  a  30- 
day  period,  control  effectiveness  of 
each  chemical  decreased:  in  some 
cases  by  as  much  as  50%,  and  in  others 
by  as  little  as  10%.  Control  effective- 
ness for  all  chemicals  was  greater  than 
95%  immediately  after  chemical  appli- 
cation or  reapplication.  The  rate  of 
decay  was  approximately  the  same  for 
all  particle  size  ranges  investigated. 
Road  surface  silt  loading  was  found  to 
be  a  reliable  indicator  of  relative 
effectiveness  for  some  chemicals. 

This  Project  Summary  was  devel- 
oped by  EPA's  Air  and  Energy  Engi- 
neering Research  Laboratory,  Research 
Triangle  Park.  NC.  to  announce  key 
findings  of  the  research  project  that  is 
fully  documented  in  a  separate  report 
of  the  same  title  (see  Project  Report 
ordering  information  at  back). 

Introduction 

Many  studies  of  the  iron  and  steel 
industry  have  shown  that  open  dust 
sources  (e.g.,  vehicular  traffic  on  paved 
and  unpaved  roads,  material  handling, 
and  wind  erosion)  merit  prime  consid- 
eration in  the  development  of  particulate 
emission  control  strategies.  This  conclu- 
sion has  been  based  on  (a)  industry-wide 
comparisons  between  uncontrolled 
emissions  from  open  dust  sources,  and 
(b)  typically  controlled  fugitive  emissions 
from  major  process  sources  such  as 
steelmaking  furnaces,  blast  furnaces, 
coke    ovens,    and    sinter    machines.    In 


addition,  preliminary  cost-effectiveness 
(dollars  expended  per  unit  mass  of 
reduced  particulate  emissions)  analysis 
of  promising  control  options  for  open  dust 
sources  has  indicated  that  control  of 
these  sources  might  result  in  signifi- 
cantly improved  air  quality  at  a  lower  cost 
compared  to  the  control  of  process 
sources. 

Of  open  dust  sources,  vehicular  traffic 
on  paved  and  unpaved  roads  generally 
account  for  the  vast  majority  of  partic- 
ulate emissions  in  the  iron  and  steel 
industry.  For  the  1970s,  unpaved  surfa- 
ces were  estimated  to  account  for 
roughly  70%  of  open  source  particulate 
emissions  in  the  industry.  By  the  early 
1980s,  the  contribution  was  considera- 
bly less.  This  reduction  was  due  to 
implementation  of  dust  control  programs 
which,  in  addition  to  chemical  treatment 
of  unpaved  roads,  included  paving  many 
roads  and  using  shuttle  buses  to  reduce 
emissions  from  employees  commuting  to 
their  work  stations. 

Some  unpaved  roads  in  the  iron  and 
steel  industry  are,  by  their  nature,  not 
suitable  for  paving.  These  roads  are 
normally  used  by  very  heavy  vehicles  or 
may  be  subjected  to  considerable  spil 
lage.  Because  of  the  additional  mainte- 
nance costs  associated  with  a  paved  road 
under  this  type  of  service  environment, 
emissions  from  these  roads  generally  are 
controlled  with  regular  reapplications  of 
chemical  treatments. 

Summary  and  Conclusions 

The  purpose  of  this  study  was  to  obtain 
data  characterizing  the  average  control 
performance  of  dust  suppressants  com- 
monly used  by  the  iron  and  steel  industry 
to  mitigate  particulate  emissions  from 
unpaved  roads.  Vehicular  traffic  on 
unpaved  roads  has  been  estimated  to 
contribute  more  than  half  of  the  sus- 
pended particulate  emissions  from  open 
sources  in  the  industry. 

Control  efficiency  values  were  deter- 
mined not  only  for  total  particulate  (TP), 
but  also  for  particles  <  15  um  in  aero- 
dynamic diameter  (inhalable  particulate. 
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IP).  <  10  /ym  in  aerodynamic  diameter 
(PM,o),  and  <  2.5  //m  in  aerodynamic 
diameter  (fine  particulate,  FP).  The  study 
focused  on  PM10  control  performance  of 
dust  suppressants  in  particular,  because 
this  size  fraction  is  anticipated  to  form 
the  basis  of  any  revised  National  Ambient 
Air  Quality  Standard  for  particulate 
matter. 

To  make  the  control  performance  test 
results  as  useful  as  possible  to  the 
industry,  unpaved  road  vehicular  traffic 
characteristics  and  dust  control  tech- 
niques used  in  the  industry  were  sur- 
veyed early  in  the  study.  Subsequently 
these  results  formed  the  basis  for  the 
designof  the  field  testing  program  so  that 
commonly  used  suppressants  could  be 
evaluated  under  service  conditions 
representative  of  typical  iron  and  steel 
industry  unpaved  roads. 

The  exposure  profiling  method  deve- 
loped by  MRI  was  the  technique  utilized 
to  measure  uncontrolled  and  controlled 
emission  factors  for  vehicular  traffic  on 
unpaved  roads.  Exposure  profiling  of 
roadway  emissions  involves  direct  iso- 
kinetic measurement  of  the  total  passage 
of  open  dust  emissions  about  5  m 
downwind  of  the  edge  of  the  road  by 
means  of  simultaneous  sampling  at  four 
points  distributed  vertically  over  the 
effective  height  of  the  dust  plume. 
Downwind  particle  size  distributions 
were  measured  using  cyclone  precollec- 
tors  followed  by  parallel-slot  cascade 
impactors.  Upwind  particle  size  distribu- 
tions were  also  determined  using  impac- 
tion. A  total  of  64  tests  of  controlled  and 
uncontrolled  particulate  emissions  from 
vehicular  traffic  on  unpaved  roads  were 
conducted  at  two  iron  and  steel  plants. 

Five  chemical  dust  suppressants  were 
evaluated  during  the  study:  Petro  Tac,  an 
emulsified  asphalt;  Coherex®,  a  petro- 
leum resin;  Soil-Sement,  an  acrylic 
cement;  Generic  2  (QS),  a  generic 
petroleum  resin  product  developed  at  the 
Mellon  Institute;  and  Liquidow,  a  salt 
(calcium  chloride).  All  products,  except 
Generic  2,  have  been  used  in  iron  and 
steel  plants.  In  addition,  industry  person- 
nel have  expressed  considerable  interest 
in  the  use  of  Generic  2 

These  suppressants  were  applied  in 
quantities  that  generally  span  the  range 
of  common  practice  in  the  industry, 
manufacturers'  recommendations,  and 
previous  field  evaluations.  Control  effi- 
ciency was  measured  over  periods  up  to 
70  days  after  application,  although  the 
main  averaging  period  of  interest  was 
about  1  month.  The  latter  is  represen- 
tative of  time  periods  between  control 


applications  in  the  industry. 

All  chemicals  tested  exhibited  average 
control  efficiencies  of  about  50%  or  more 
over  the  first  30  days  after  application 
These  tests  were  conducted  using  appli- 
cation and  traffic  parameters  that  may 
be  considered  typical  in  the  iron  and  steel 
industry.  Note  that,  while  the  control 
provided  by  some  suppressants  showed 
significant  temporal  decay,  others  exhi- 
bited a  relatively  constant  level  of  control 
over  the  time  period. 

Statistical  analyses  of  the  data  indicate 
that  reapplication  results  in  a  signifi- 
cantly higher  level  of  control  and  that 
only  one  suppressant  exhibited  signifi- 
cant differences  in  control  between  the 
various  particle  size  fractions.  Compar- 
isons between  the  control  efficiencies  for 
different  chemicals  indicate  that  rela- 
tively few  suppressant/size  fraction 
combinations  could  be  considered  signif- 
icant at  the  5%  level. 

Comparison  of  the  relative  cost- 
effectiveness  reveals  only  a  slight  vari- 
ation between  the  suppressants  other 
than  calcium  chloride.  In  terms  of  cost- 
effectiveness,  the  salt  did  not  compare 
favorably  with  the  other  products;  how- 
ever, this  is  at  least  a  partial  result  of 
the  abnormally  high  precipitation  during 
the  field  exercise. 

Several  road  surface  material  proper- 
ties were  discussed  as  possible  indica- 
tors of  control  performance.  While 
reasonably  strong  relationships  between 
silt  loading  and  control  were  found  for 
some  of  the  suppressants,  the  clustered 
nature  of  the  entire  data  set  precluded 
development  of  a  reliable  performance 
indicator.  However,  the  data  suggest  that 
the  industrial  paved  road  emission  factor 
equation  may  be  used  to  conservatively 
overestimate  emissions  from  controlled 
unpaved  roads. 

Finally,  results  of  previous  tests  were 
combined  with  data  from  the  present 
study  to  develop  an  average  control 
performance  model  for  petroleum  resins 
The  model  was  designed  to  meet  typical 
needs  in  the  iron  and  steel  industry  in 
terms  of  averaging  periods  and  service 
environments. 


G.  Muleskt  and  C    Cowherd.  Jr.  are  with  Midwest  Research  Institute.  Kansas 
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Robert  C.  McCrillit  is  the  EPA  Pro/ect  Officer  /see  below/ 
The  complete  report,  entitled  "Evaluation  ot  the  Effectiveness  of  Chemical  Dust 
Suppressants  on  Unpaved  Roads."  (Order  No    PB  88  1 39  936/ AS.   Cost 
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National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone   703-487-4650 
The  EPA  Pro/ect  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 
US  Environmental  Protection  Agency 
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Fermi  National  Accelerator  Laboratory 

The  Tevatron  6-KM  Helium  Transfer  Line 


The  TEVATRON  helium-transfer  line  is  a  major  step  forward  in  commercially  field-welded, 
vacuum-jacketed,  helium  cryogenic  piping.  Its  very  existence  is  deemed  proof  that  long,  leak-tight, 
vacuum-jacketed  transfer  lines  are  both  technically  and  economically  feasible,  and  it  points  the  way 
toward  possible  major  superconducting-power  transmission  techniques  for  the  next  decade. 

Installation  of  the  TEVATRON  required  construction  of  the  world's  largest  superconducting 
cryogenic  system,  including  the  helium-transfer  line  which  runs  atop  the  berm  housing  the  ac- 
celerator. The  system  is  based  on  the  concept  of  a  Central  Helium  Liquefier  providing  liquid  helium 
to  24  satellite  refrigerators  through  a  6.4  km-long  transfer  line.  The  line  itself  consists  of  26  250-m 
sections  interconnected  with  vacuum-jacketed  U-tubes  forming  a  loop.  Each  section  contains  a  4.50 
cm  i.d.,  supercritical  He  line  and  a  subcooled  liquid-N2  shield  with  an  expansion  joint  in  the  middle 
of  the  run.  The  sections  of  transfer  line  were  manufactured  in  80-ft  lengths  and  lowered  into  posi- 
tion from  a  helicopter. 

The  installed  cost  of  the  line  was  less  than  a  third  of  similar  designs.  This  was  largely  due  to  the 
mass  production  of  the  80-ft  modules,  which  were  simply  joined  by  four  field-butt  welds.  The  line 
has  now  been  in  round-the-clock  service  for  several  years. 


For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia,  IL    60510 

(312)  840-3333 

Refer  to  FAA-378/TN 
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NBS   technology   update  T  !;ed?ral 

C5*/  m  Technoloay 

National  Bureau  of  Standards  Resource 

U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 

NBS  Fire  Research  Database  Now  Available  On-Line 

A  computerized  database  containing  fire  research  publications  and 
articles  is  now  available  for  searching  on-line.     Know  as  FIREDOC, ' 
the  database  can  be  accessed  by  telephone  using  a  personal  computer 
and  a  compatible  communications  package.     FIREDOC  currently 
contains  information  about  7,000  of  the  30,000  publications  and 
articles  in  a  collection  maintained  by  the  NBS  Center  for  Fire  Research. 
The  Center  plans  to  incorporate  all  of  its  holdings  in  the  collection. 

FOR  ADDITIONAL  INFORMATION: 

A  report,  FIREDOC  Users  Manual  (NBSIR  87-3562),  gives  instructions 
on  accessing  the  system.     It  is  available  from  the  National  Technical 
Information  Service,  Springfield,  VA  22161   for  $12  prepaid.     Order  by 
title  and  PB88-1 10317.     For  further  information,  contact  Nora  Jason, 
Fire  Research  Information  Services,  Center  for  Fire  Research,  A252 
Polymers  Bldg.,  National  Bureau  of  Standards,  Gaithersburg,  MD  20899; 
(301)  975-6862. 
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Calculating  Rotor/Stator  Interactions 

Numerical  simulations  are  based  on  Euler  equations  and  patched  grids. 


The  analysis  procedure  and  the  associ- 
ated computer  code  use  the  Euler  equa- 
tions of  fluid  motion  and  patched  coordi- 
nate grids  to  simulate  the  fluid  flow  about  a 
rotor  airfoil  that  moves  with  respect  to  a 
stator  airfoil.  The  procedure  should  prove 
useful  in  studies  of  interactions  between 
rotors  and  stators  in  turbines,  propellers 
and  nacelles  on  airplanes,  and  rotors  and 
fuselages  on  helicopters. 

To  obtain  a  finite-difference  solution  of 
the  Euler  equations,  it  is  necessary  to  have 
a  computational  grid  that  conforms  to  the 
airfoil  surfaces.  Because  the  rotor  moves 
with  respect  to  the  stator,  it  is  impractical  to 
use  a  single  grid:  instead,  one  grid  is  fixed 

to  the  rotor  while  another  is  fixed  to  the 
stator.  The  two  grids  are  patched  together 
and  slide  past  each  other  along  a  boun- 
dary. The  finite-difference  equations  that 
transfer  information  between  the  grids 
must  be  numerically  stable,  spatially  and 
temporally  accurate,  conservative  (so  as 
not  to  distort  flow  discontinuities),  and  easi- 
ly applicable  in  generalized  coordinates. 
These  information-transfer  equations  have 
been  developed  as  a  part  of  the  study. 

The  patched-grid  technique  was  applied 
to  a  two-dimensional  analog  of  the  ro- 
tor/stator  problem  (see  figure).  The  Euler 


equations  for  unsteady  motion  in  two  di- 
mensions were  solved  by  the  Osher  inte- 
gration scheme  in  conjunction  with  an  im- 
plicit relaxation  approach.  This  scheme  is 
accurate  to  second  order  in  space  and 
time  and  is  total-variation-diminishing  in 
each  spatial  direction. 

Periodic  boundary  conditions  were  im- 
posed on  the  upper  and  lower  boundaries 
of  both  zones.  Freestream  conditions  were 
imposed  on  the  left  boundary  of  zone  1 , 
and  supersonic  exit-boundary  conditions 
were  imposed  on  the  right  boundary  of 
zone  2.  An  implicit,  zonal-boundary  condi- 
tion was  used  at  the  boundary  between  the 
two  zones. 

About  250  integration  steps  were  re- 
quired for  each  cycle,  one  cycle  being  the 
time  required  for  the  upper  boundary  of  the 
rotor  zone  to  move  from  its  current  position 
to  the  position  occupied  by  the  lower  boun- 
dary of  the  rotor  zone  at  the  present  time. 
The  calculation  was  begun  with  both  air- 
foils stationary  during  the  first  50  integra- 
tion steps.  Then  the  rotor  airfoil  was  al- 
lowed to  move  downward  at  a  speed  of 
mach  0.1.  After  about  3  cycles  the  initial 
transients  were  eliminated,  and  the  solu- 
tion became  periodic.  The  movements  of 
the  pressure  contours  depict  a  shock 
"buzz"  phenomenon  in  which  the  leading- 


edge  shock  of  the  right  airfoil  periodically 
attaches  to,  and  detaches  from,  fne  airfoil. 

As  the  figure  shows,  the  pressure  con- 
tours of  the  solution  are  continuous  across 
the  patch  boundary;  even  the  slopes  of  the 
contours  are  continuous.  This  is  attributed 
to  the  conservative  zonal-boundary 
scheme  and  the  manner  in  which  the  con- 
tinuity of  dependent  variables  is  enforced 
across  the  boundary.  The  captured  shocks 
in  the  solution  are  almost  free  of  spurious 
numerical  oscillation  because  of  the  total- 
variation-diminishing  nature  of  the  integra- 
tion scheme. 

This  work  was  done  by  Man  Mohan  Rai 
of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-86821 
[N8&17014/NSP],  "A  Simulation  of  Rotor- 
Stator  Interaction  Using  the  Euler  Equa- 
tions and  Patched  Grids. " 

Copies  may  be  purchased /prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A02] 
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be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
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Ames    Research    Ctr. 
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Officer:  Laurance  Milov 
Mall  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field.  CA  94035 
(415)694-5104 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Stator 


■«^^  Zonal  Boundary 
Ro,or  (Patch  Boundary) 

TWO-ZONE  GRID  FOR  THE  DOUBLE-AIRFOIL  CALCULATION 


PRESSURE  CONTOURS  AT  0.8  CYCLE 


A  Rotor  and  Stator  are  represented  by  a  simplified  two-dimensional  analog  in  which  the  ver- 
tical axis  corresponds  to  the  azimuthal  direction  and  the  horizontal  axis  corresponds  to  the 
axial  direction.  A  coordinate  grid  is  attached  to  each  airfoil;  the  left  grid  moves  downward 
with  the  rotor. 
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Computational  Fluid 
Dynamics:  Past, 
Present,  and  Future 

The  numerical  simulation  of 
fluid  flow  has  become  routine, 
but  improvements  are  needed. 

A  paper  reviews  the  development  of 
computational  fluid  dynamics  (CFD)  and 
explores  the  future  prospects  of  the  tech- 
nology. The  report  covers  such  topics  as 
computer  technology,  turbulence,  the  de- 
velopment of  solution  methodology,  the  de- 
velopment of  algorithms,  the  definition  of 
flow  geometries,  the  generation  of  compu- 
tational grids,  and  pre-  and  post-data  proc- 
essing. 

Fifteen  years  ago,  the  elements  that 
compose  CFD  —  algorithm  development, 
grid  definition,  geometry  definition,  esta- 
blishing boundary  and  initial  conditions, 
turbulence  modeling,  pre-  and  post-data 
processing,  and  computer  technology,  for 
example  —  were  ripe  for  advances.  To- 
day, CFD  is  maturing  and  has  reached  a 
stage  in  which  it  is  routinely  applied  to  com- 
plicated problems.  It  is  being  used  to  de- 
sign aerospace  vehicles  and  components. 

In  the  future,  aerospace  manufacturers 
will  rely  increasingly  on  the  numerical  solu- 
tions that  CFD  provides  because  of  the  fol- 
lowing: 

•The  capability  of  CFD  has  been  demon- 
strated. 

•  The  number  of  supercomputers  available 
for  CFD  is  increasing. 

•  Not  enough  ground-based  facilities  are 
available  for  experiments. 

•  Ground-based  facilities  cannot  generate 
data  in  some  of  the  pertinent  flow  re- 
gimes. 


An  advantage  of  CFD  over  wind  tunnels 
is  that  CFD  software  and  hardware  can  be 
continually  upgraded  at  low  cost.  Comput- 
ing centers  are  cheaper  to  build  and  modi- 
fy. They  can  take  much  of  the  load  off  wind- 
tunnel  experimentation  so  that  experimen- 
tal facilities  can  be  used  more  effectively 
and  efficiently. 

The  physics  of  turbulence  remains  a 
subject  of  intense  study.  The  data  gener- 
ated by  numerical  solutions  can  be  used  to 
create  turbulence  models.  The  data  de- 
rived from  such  models  yield  more  infor- 
mation than  do  data  from  experiments. 

The  report  notes,  however,  that  it  is  im- 
portant for  fluid  dynamicists  to  work  closely 
together,  whether  they  use  computational 
or  experimental  tools.  Computer  codes  re- 
quire experiments  for  validation,  and  ex- 
periments require  supplemental  computa- 
tions. Research  laboratories  with  facilities 
for  experiments,  computation,  and  flight 
testing  offer  the  best  possibility  for  inter- 
disciplinary synergy  and  will  produce  the 
most  valuable  technology. 

For  the  future,  the  report  predicts  that 
two  areas  of  particular  importance  —  un- 
steady flows  and  interdisciplinary  phy- 
sics —  will  benefit  from  CFD.  Unsteady- 
flow  problems  result  from  the  instability  of 
separated  flow  regions  or  from  the  relative 
motion  of  one  body  with  respect  to  another, 
in  helicopters  and  turbomachinery,  for  ex- 
ample. Formidable  efforts  are  underway 


and  will  eventually  lead  to  numerical 
simulation. 

In  interdisciplinary  physics,  flow  codes 
will  be  linked  with  other  codes,  such  as 
those  for  propulsion  and  control.  As  the 
need  grows  for  high-speed  flight,  the  gas- 
dynamic  equations  will  increase  in  com- 
plexity because  of  strong  shocks  and  ther- 
mal and  chemical  nonequilibrium  phenom- 
ena. Fluid  dynamicists  and  chemists  will 
begin  working  together  to  study  problems 
involving  dissociation  and  ionization,  reac- 
tion rates,  radiation,  and  equilibrium. 

This  work  was  done  by  Paul  Kutler  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-88246 
[N8&28057/NSP],  "A  Perspective  of  Com- 
putational Fluid  Dynamics." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A02] 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center 

Ames    Research    Ctr. 
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Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field.  CA  94035 
(415)694-6471 
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Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field.  CA  94035 
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Emergency-Evacuation  Cart 

A  proposed  vehicle  would  ease  escape  from  areas  inaccessible  to  or  dangerous  for  ambulances. 


A  proposed  cart  is  designed  to  remove 
an  injured  worker  from  the  vicinity  of  a 
hazardous  chemical  spill.  The  self-pro- 
pelled cart  would  enable  a  rescuer  to  move 
the  victim  of  an  industrial  accident  quickly 
away  from  toxic,  flammable,  explosive, 
corrosive,  carcinogenic,  asphyxiating,  or 
extremely  cold  liquids.  The  cart  is  intended 
for  use  where  it  is  too  dangerous  for  ambu- 
lances and  other  vehicles  to  approach  the 
accident  site. 

Under  control  of  the  rescuer,  the  cart 
would  carry  the  incapacitated  victim  for  a 
distance  of  3,000  ft  (about  1  km)  on  pave- 
ment at  speeds  ranging  up  to  20  mi/h 
(about  9  m/s).  The  cart  could  also  travel  up 
to  about  200  ft  (60  m)  on  sand,  and  similar 
distances  on  rough  terrain.  The  victim 
would  ride  in  a  semireclining  position  (see 
figure)  to  ameliorate  the  effects  of  expo- 
sure to  hypergolic  liquids,  which  can  cause 
pneumonia.  Facemasks  and  a  compressed- 
air  tank  would  furnish  breathing  air  for  30 
minutes  to  both  the  victim  and  the  rescuer. 
The  vehicle  could  accommodate  victims 
with  or  without  protective  clothing;  a  pro- 
tective blanket  could  be  stored  on  the  cart 
in  case  it  is  needed. 

Pressurized  hydraulic  fluid  would  drive 
the  cart.  Unlike  an  electric  motor  or  inter- 
nal combustion  engine,  the  hydraulic  mo- 
tor would  generate  no  sparks  or  heat  that 
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The  Rescue  Cart,  constructed  of  high-strength  tubing,  would  ride  on  bicycle  wheels  with 
balloon  tires.  The  rescuer  would  steer  the  cart  with  a  handle  at  the  rear.  The  estimated  mass 
of  the  fully  equipped  vehicle  is  650  lb  (295  kg). 


could  cause  a  fire  or  explosion.  The  cart 
could  be  stored  ready  for  use  for  2  years  or 
more.  In  an  emergency,  the  rescuer  would 
simply  break  a  seal  on  the  cart  and  start 
using  it. 

This  work  was  done  by  Otto  H.  Fedor 
and  Lester  J.  Owens  of  Kennedy  Space 
Center. 


This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,646,860).  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Kennedy  Space  Center 
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Rotary  Fluid  Coupling 

Stacked  modules  serve  eight  lines. 


Seal 
Spacer 


Bearing 


Circumferential 
Fluid  Channel 


Seal-Pressure 
Tap 


Vapor  Inlets 


Housing  Endcap 


Thrust 
Bearing 


Shaft  Endcap 


Note:  Fluid  outlets  on  housing  not  shown. 


Fluid  Is  Coupled  with  minimal  leakage  between  a  stationary  housing  and  an  inner  rotating  shaft. 


A  rotary  coupling  for  heat-transfer  fluid 
contains  four  lines  for  vapor  and  four  cor- 
responding liquid-return  lines.  Unlike  hose- 
type  rotary  couplings,  this  one  allows  un- 
limited rotation  and  does  not  have  to  be  re- 
wound to  prevent  damage  to  hoses. 


The  coupling  (see  figure)  includes  a  sta- 
tionary housing,  consisting  of  four  stacked 
modules,  and  an  inner  rotating  shaft.  Each 
module  of  the  housing  includes  a  vapor  in- 
let and  a  liquid  outlet.  These  inlets  and 
outlets  are  connected  to  circumferential 


channels  equipped  with  sliding  rotary  seals 
that  press  against  the  shaft. 

The  shaft  contains  a  cluster  of  eight 
tubes  connected  to  ports  that  are  aligned 
axially  with  the  corresponding  circumfer- 
ential channels  in  the  housing.  In  each  fluid 
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circuit,  vapor  from  the  stationary  side  en- 
ters the  housing  module  through  an  inlet 
and  travels  around  the  shaft  in  the  circum- 
ferential channel  until  it  reaches  the  port, 
"me  vapor  then  enters  the  corresponding 
tube  in  the  shaft  and  travels  to  a  radiator  or 
other  heat  exchanger  on  the  rotating  side. 
The  return  liquid  travels  through  another 
tube  in  the  shaft  until  it  reaches  the  port 
that  faces  the  channel  for  liquid  in  the 
housing.  The  liquid  travels  around  the  shaft 
in  this  channel  until  it  reaches  the  outlet, 
then  continues  toward  a  heat  source  or 
pump  on  the  stationary  side. 


Bearings  on  the  sides  and  at  one  end 
maintain  the  concentricity  and  axial  align- 
ment of  the  shaft  and  housing.  An  endcap 
prevents  leakage  from  the  housing  at  one 
end.  The  seals  are  pressure  assisted  and 
self-lubricating.  Secondary  seals  are  pro- 
vided for  redundant  protection  against 
leakage  from  and  between  fluid  paths. 
Leakage  between  the  primary  and  second- 
ary seals  can  be  monitored  and  removed 
through  pressure  taps. 

This  work  was  done  by  Ron  Zentner, 
Gregg  D.  Rhodes,  and  Douglas  W. 


Thoreson  of  the  Boeing  Co.  for  Johnson 
Space  Center.  No  further  documentation 
is  available.      MSC-21215/TN 
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Preassembly  of  Insulating  Tiles 

A  mesh  backing  carries  ceramic  tiles  to  ease  installation  and  prevent  damage. 


A  concept  for  preassembling  high-tem- 
perature insulating  tiles  speeds  and  simpli- 
fies installation  and  repair  and  reduces 
damage  from  handling.  Moreover,  the  pre- 
assembly concept  would  facilitate  the 
placement  of  tiles  on  gently  contoured  sur- 
faces as  well  as  on  flat  ones.  The  concept 
resembles  that  for  preassembled  kitchen 
and  bathroom  tiles.  Applications  might  in- 
clude boilers,  kilns,  and  furnaces. 

The  tiles  would  be  bonded  with  a  sili- 
cone adhesive  to  a  nylon  mesh  backing, 
chosen  for  light  weight  and  high  resistance 
to  strain.  The  tiles  would  be  hexagonal  so 
that  a  sheet  of  them  on  the  backing  could 
nearly  conform  to  a  curved  surface.  For 
example,  preassembled  2.5-in.  (6.35-cm) 
hexagons  of  0.5-in.-  (1.27-cm)-thick 
ceramic  would  readily  conform  to  a  sur- 
face having  a  3-ft  (0.9-m)  radius  of  curva- 
ture, and  probably  even  to  a  surface  of  1-ft 
(0.3-m)  radius.  Smaller  radii  may  be  ac- 
commodated by  smaller  hexagonal  tiles. 

The  specific  backing  mesh  would  be 
chosen  according  to  the  requirements  of 
specific  applications.  For  the  Space 
Shuttle  service  for  which  the  concept  was 
developed,  the  primary  purpose  of  the 
backing  was  to  maintain  the  assigned  con- 
figuration of  the  preassembled  tiles,  with 
minimal  influence  on  the  supporting  struc- 
ture. 

Once  the  tiles  have  been  bonded  to  it, 
the  backing  carries  them  through  such 


Tiles  Are  Bonded  to  nylon  mesh  with  a  room 
spacing  between  tiles  is  0.03  in.  (0.76  mm). 

final  processing  steps  as  drying,  sintering, 
coating  by  spraying  or  dipping,  and  compu- 
ter-controlled machining  to  final  thickness. 
Through  all,  preassembly  on  the  backing 
will  reduce  the  cost  of  processing  as  com- 
pared with  that  of  the  handling  of  individual 
tiles.  Tile  preassemblies  can  be  emplaced 
in  a  "cut-and-paste"  operation  similar  to 


Backing   :,• 

■temperature-vulcanizing  silicon  rubber.  The 

that  of  commercially  available  tiles  for  the 
home. 

This  work  was  done  by  Y.  D.  Izu,  E.  N. 
Yoshioka,  and  T.  Rosario  of  Lockheed  Mis- 
isles  and  Space  Co.  for  Johnson  Space 
Center.  MSC-21204  /77V 
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Strain  Elements  for  STARDYNE  Computer  Program 

The  program  is  "tricked"  into  calculation  of  compatible  strains. 


A  simple  mathematical  substitution 
causes  the  STARDYNE  finite-element 
computer  program  to  put  out  compatible 
static  or  dynamic  strains  for  the  elements. 
Such  strains  may  be  helpful  in  the  effort  to 
correlate  strain-gauge  data  with  finite-ele- 
ment mathematical  models,  where  strain 
as  a  function  of  time  is  required  in  calcula- 
tions of  fatigue.  In  the  problem  for  which 
the  substitution  was  devised,  it  had  previ- 
ously been  impossible  to  calculate  com- 
patible dynamic  strains  from  measured 
random-vibration  stresses  because  of  the 
loss  of  phase  information  in  the  random- 
stress  data. 

The  mathematical  substitution  works 
only  for  quadrilateral  plates.  On  each  plate 
element  for  which  output  is  desired,  a  dum- 
my strain  plate  is  superimposed:  mathe- 
matically, the  two  plates  occupy  the  same 
space.  The  dummy  plate  must  have  the 
same  thickness  as  that  of  the  original  plate 
to  yield  correct  values  of  bending  strain. 

The  properties  of  the  orthotropic  materi- 


al of  the  original  plate  are  mathematically 
altered  by  the  substitution  of  the  parame- 
ters of  elasticity  and  density  of  the  fictitious 
strain  plate.  These  strain-plate  parameters 
are 

E1=  £2  =  G  =  1.00 

v1=  v2-  0.000001 
density  =  0 

where  E1  and  E2  are  the  moduli  of  elasticity 
along  the  perpendicular  x1  and  x2  direc- 
tions, respectively,  and  v1  and  v2  are  the 
Poisson's  ratios  in  thex1  and  x2  directions, 
respectively.  (Although  the  desired  value  of 
v1  and  v2  is  zero,  the  use  of  zero  causes 
the  STARDYNE  program  to  substitute  a 
default  value  of  0.3.)  The  remaining 
STARDYNE  entries  are  not  altered. 

The  STARDYNE  program  computes 
compressive  and  tensile  stresses  ov  and 
022,  where  the  first  subscript  on  each  o  de- 
notes the  direction  perpendicular  to  the 
face  of  an  element  on  which  the  stress  is 
specified,  and  the  second  subscript  de- 
notes the  direction  of  the  stress.  The 


stresses  oy  are  related  to  the  correspond- 
ing strains  by 


^/(l-V^)     1/^/(1  -V^)    0\    /£, 

,2  j=(V1£2/(1-V1V2>     £2/(1-V2)     0 

0  0  G 


The  strains  do  not  appear  explicitly  in 
the  STARDYNE  output.  However,  the  use 
of  the  fictitious  strain-plate  values  converts 
this  equation  to 


°22   )      =      \e22) 
°12/  \£12/ 


that  is,  each  of  the  output  stresses  for  a 
dummy  element  is  equal  to  a  number  pro- 
portional to  the  compatible  strain  in  the 
corresponding  element  of  the  original 
plate. 

This  work  was  done  by  Dale  O.  Gpra 
and  Richard  Ehrgott  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  MFS-29271  /77V 
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Vortex  Suppressors  Reduce  Probe  Vibrations 

A  lightweight  addition  to  the  probe  reduces  cyclical  stress  aerodynamically. 


The  life  expectancy  of  an  instrumenta- 
tion proPe  for  high-speed  flow  is  increased 
Py  the  addition  of  helical  strakes  to  the 
cylindrical  shield  that  surrounds  the  proPe. 
The  strakes  disrupt  the  vortex  shedding 
that  normally  occurs  in  fast  flows  around  a 
cylindrical  body  (see  figure). 

At  a  sufficiently  high  flow,  vortexes  are 
shed  by  the  proPe  shield  at  the  resonant  vi- 
brational frequency  of  the  proPe,  and  the 


vortex  shedding  drives  the  vibrations.  The 
vibrational  forces  are  transmitted  to  the 
mounting  base  and  internal  components 
of  the  proPe.  Eventually,  the  repetitive 
stresses  cause  fatigue  and  failure. 

In  the  case  shown  in  the  figure,  strakes 
were  added,  the  proPe  and  shield  were 
shortened,  and  the  root  diameter  of  the 
proPe  was  increased.  This  redesign  in- 
creased the  fundamental  frequency  from 


1 ,550  to  2,030  Hz  and  decreased  the  maxi- 
mum stress  in  the  probe  from  60.4  kpsi 
(416  MPa)  to  8.5  kpsi  (58.6  MPa). 

77?/s  work  was  done  by  Arthur  J.  Hill  of 
Rockwell  International  Corp.  for  Marshall 
Space  Right  Center  MFS-29199  /tn 


VORTEX  SHEDDING  FROM 
A  CYLINDRICAL  BODY 


Flow 


Shield 


Probe 


OLD 


NEW 


Helical  Strakes  on  the  Probe  Shield  suppress  vortex  shedding  to  reduce  vibrational  stress  and  thereby  prolong  life.  In  this  case,  the  strakes 
are  wound  half  a  turn  in  1.31  in.  (3.33  cm). 
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Computer  Code  for 
Turbocompounded 
Adiabatic  Diesel  Engine 

Transfers  of  heat  and 
work  are  analyzed. 

A  computer  simulation  has  been  de- 
veloped to  study  the  advantages  of  in- 
creased exhaust  enthalpy  in  an  adiabatic 
turbocompounded  diesel  engine.  The  sub- 
systems of  this  conceptual  engine  include 
the  compressor,  reciprocator,  turbocharg- 
er  turbine,  compounded  turbine,  ducting, 
and  heat  exchangers.  The  focus  of  the  sim- 
ulation of  the  total  system  is  to  define  the 
transfers  of  mass  and  energy,  including  the 
release  and  transfer  of  heat  and  the 
transfer  of  work  in  each  subsystem,  and 
the  relationship  among  the  subsystems. 

The  computer  code  is  written  in  FOR- 
TRAN IV  language  and  was  developed  on  a 
VAX  11-750  computer.  The  required  inputs 
include  the  rate  of  flow  of  fuel,  the  speed  of 
the  engine,  the  temperature  or  structure  of 
the  engine  wall,  and  the  size  and  shape  of 
the  engine.  The  results  include  the  cylinder 
pressure  and  temperature,  the  equiva- 
lence ratio,  the  manifold  pressure  and  tem- 
perature, and  the  turbocharger  speed 
(compressor  and  turbine),  all  as  functions 
of  the  crank  angle.  Other  results  include 
the  brake  specific  fuel  consumption,  brake 
horsepower,  mean  effective  pressure, 
thermal  efficiency,  volumetric  efficiency, 
and  information  on  the  transfer  of  heat. 

The  four-stroke  diesel  cycle  is  treated  as 
a  sequence  of  continuous  processes:  in- 
take, compression,  combustion  (including 
expansion),  and  exhaust.  Throughout  the 
cycle,  the  cylinder  is  treated  as  a  variable- 
volume  plenum  spatially  uniform  in  pres- 
sure. The  contents  of  the  cylinder  are  rep- 
resented as  one  continuous  medium  by 
defining  an  average  equivalence  ratio  and 
temperature  in  the  cylinder  at  all  times.  The 
properties  of  the  gases  are  obtained  by  as- 
suming ideal-gas  behavior.  Below  a  tem- 
perature of  1,000  K,  the  contents  of  the 
cylinder  are  treated  as  a  homogeneous, 
nonreacting  mixture  of  ideal  gases.  Above 
1,000  K,  the  properties  of  the  gases  in  the 


cylinder  are  calculated  to  allow  for  chemi- 
cal dissociation  by  assuming  that  burned 
gases  are  in  equilibrium,  by  the  use  of  an 
approximate  calculation  method  based  on 
the  combustion  of  hydrocarbons  in  air. 

The  reciprocator  engine  model  calcu- 
lates the  state  variables  in  one  master 
cylinder  of  a  multicylinder  engine.  Other 
cylinders  are  assumed  to  vary  as  echoes 
of  the  master  cylinder,  shifted  by  the  ap- 
propriate phase  angles.  The  equations  of 
quasi-steady,  adiabatic,  one-dimensional 
flow  are  used  to  predict  flows  of  mass  past 
the  valves.  The  manifolds  are  divided  so 
that  the  effect  of  each  cylinder  can  be 
incorporated  in  the  model.  Each  section 
of  manifold  is  treated  as  a  plenum,  the 
pressure  and  temperature  histories  of 
which  are  determined  by  solution  of  the 
equations  of  state  of  the  manifold.  The 
rapid  mixing  of  gases  in  each  section  of 
manifold  is  assumed.  The  engine  model 
couples  with  the  compressor  and  heat-ex- 
changer models  at  the  inlet  manifold  and 
with  the  turbocharger  turbine  model  at  the 
exhaust  manifold. 

The  compression  process  is  defined  to 
include  the  ignition-delay  period.  The  total 
delay  in  ignition  is  related  to  the  mean  tem- 
perature and  pressure  of  the  gas  in  the 
cylinder  during  the  delay  by  an  empirical 
Arrhenius  expression.  Combustion  is  mod- 
eled as  a  uniformly-distributed  heat-re- 
lease process.  The  rate  of  release  of  heat 
is  assumed  to  be  proportional  to  the  rate 
of  burning  of  fuel,  which  is  modeled  empir- 
ically. Because  the  diesel  combustion 
process  comprises  a  premixed  and  a  diffu- 
sion-controlled combustion  mechanism, 
Watson's  fuel-burning-rate  correlation  is 
used. 

The  transfer  of  heat  is  included  in  all  the 
engine  processes.  Convective  heat  trans- 
fer is  modeled  by  the  use  of  engine  correla- 
tions based  on  turbulent  flow  in  pipes.  A 


mean-turbulent-kinetic-energy  model  is 
used  to  obtain  the  characteristic  velocity 
and  length  required  in  the  engine  correla- 
tions. Radiative  heat  transfer  is  included 
during  combustion.  The  inside  tempera- 
ture of  the  piston,  cylinder  head,  and  cyl- 
inder liner  can  be  specified  or  calculated 
from  details  of  the  wall  material.  An  empiri- 
cal model  of  friction  is  used  to  convert  the 
indicated  engine  performance  quantities 
to  brake  performance  quantities.  Inside 
manifold  wall  temperatures  are  either 
specified  or  calculated.  Empirical  correla- 
tions are  used  to  calculate  the  transfer  of 
heat  and  the  loss  of  pressure  in  the  mani- 
fold. 

The  performance  of  turbomachinery  is 
defined  by  maps  that  interrelate  the  ef-  i 
ficiency,  the  pressure  ratio,  the  rate  of 
flow  of  mass,  and  the  shaft  speed  for  each 
component.  The  turbomachinery  maps 
are  input  parameters.  The  model  includes 
provisions  for  off-design  performance  of 
the  turbomachinery  and  for  scaling  when 
the  reciprocator  is  operated  uncooled  or 
as  an  adiabatic  engine.  The  turbocharger 
turbine  and  compressor  speeds  are  equal. 
The  power-turbine  speed  is  determined  by 
the  reciprocator  engine  speed  through  the 
ratio  of  the  gears  that  connect  them.  The 
model  gives  the  option  of  including  or  not 
including  the  power  turbine. 

This  program  was  written  by  D.  N. 
Assanis  and  J.  B.  Heywood  of  Massachu- 
setts Institute  of  Technology  for  Lewis 
Research  Center.  LEW-14403  ffN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  ol  Georgia 
Athens,  GA  30602 
(404)  542-3265 


671 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Optimal  Network- 
Topology  Design 

Candidate  network  designs 
are  tested  for  acceptability 
and  cost. 

The  Optimal  Network  Topology  Design 
computer  program  was  developed  as  part 
of  a  study  on  the  topology  design  and  the 
analysis  of  performance  of  the  Space  Sta- 
tion Information  System  (SSIS)  network. 
The  program  uses  an  efficient  algorithm  to 
generate  candidate  network  designs  (con- 
sisting of  subsets  of  the  set  of  all  network 
components)  in  increasing  order  of  their 
total  costs  and  checks  each  design  to  see 
whether  it  forms  an  acceptable  network. 
This  technique  gives  the  true  cost-optimal 
network  and  is  particularly  useful  when  the 
network  has  many  constraints  and  not  too 
many  components. 

It  is  intended  that  this  new  design  tech- 
nique consider  all  important  performance 
measures  explicitly  and  take  into  account 
the  constraints  due  to  various  technical 
feasibilities.  In  the  current  program,  the 


user  inserts  the  technical  constraints  by 
properly  forming  the  starting  set  of  can- 
didate components  (e.g.,  nonfeasible  links 
are  not  included).  As  subsets  are  generat- 
ed, they  are  tested  to  see  whether  they 
form  an  acceptable  network  by  checking 
that  all  requirements  are  satisfied.  Thus, 
the  first  acceptable  subset  encountered 
gives  the  cost-optimal  topology  satisfying 
all  given  constraints. 

The  user  must  sort  the  set  of  "feasible" 
link  elements  in  increasing  order  of  their 
costs.  The  program  prompts  the  user  for 
the  following  information  for  each  link: 
cost,  connectivity  (number  of  stations  con- 
nected by  the  link),  and  the  identities  of  sta- 
tions connected  by  that  link.  Unless  in- 
structed to  stop,  the  program  generates  all 
possible  acceptable  networks  in  increas- 
ing order  of  their  total  costs.  The  program 


v 

is  written  only  to  generate  topologies  that 
are  simply  connected.  Tests  of  reliability, 
delay,  and  other  performance  measures 
are  discussed  in  the  documentation  but 
have  not  been  incorporated  into  the  pro- 
gram. 

This  program  is  written  in  PASCAL  for  in- 
teractive execution  and  has  been  imple- 
mented on  an  IBM  PC-series  computer  op- 
erating under  PC  DOS.  This  program  was 
developed  in  1985. 

This  program  was  written  by  Victor  O.  K. 
Li,  Joseph  H.  Yuen,  Ting-Chao  Hou,  and 
Yuen  Fung  Lam  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  NPO-16809 /TN 
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&EPA        Project  Summary 

User's  Guide  to  the  CTDM  Meteorological 
Preprocessor  (METPRO)   Program 


The  Complex  Terrain  Dispersion 
Model  (CTDM)  is  a  refined  air  quality 
model  for  use  in  stable  and  neutral 
conditions  in  complex  terrain 
applications.  Its  use  of  meteoro- 
logical input  data  and  terrain 
information  is  different  than  current 
EPA  models;  considerable  detail  for 
both  types  of  input  data  are  required 
and  are  supplied  by  preprocessors 
specifically  designed  for  CTDM.  This 
User's  Guide  presents  a  review  of  the 
structure  of  the  atmospheric 
boundary  layer  and  its  implications 
for  the  design  of  CTDM  and  its 
meteorological  preprocessor 
(METPRO).  The  CTDM  meteorological 
preprocessor  calculates  required 
meteorological  variables  that  are 
derived  from  conventionally  available 
data.  These  required  variables 
include  the  Monin-Obukhov  length, 
the  surface  friction  velocity,  the 
surface  roughness  length,  and  the 
mixed  layer  height.  The  CTDM  input 
data  files  contain  these  values  as 
delivered  by  the  meteorological 
preprocessor. 

This  Project  Summary  was 
developed  by  EPA's  Atmospheric 
Sciences  Research  Laboratory, 
Research  Triangle  Park,  NC,  to  an- 
nounce key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 

Introduction 

The  requirement  for  use  of 
meteorological   information   in   CTDM   is 

based  upon  the  current  understanding  of 
the  Atmospheric  Boundary  Layer.  A 
discussion  of  the  design  of  the 
meteorological  preprocessor.METPRO, 
and  its  linkage  with  CTDM  is 
accompanied  here  by  a  summary  of  the 
features  of  the  boundary  layer  and  how 
they  relate  to  plume  dispersion 
calculations. 

The  Atmospheric  Boundary  Layer  lies 
between  the  earth's  surface  and  the 
geostrophic   free   atmosphere,   in   which 


surface  effects  upon  the  flow  are 
negligible.  The  boundary  layer  can  be 
considered  to  contain  two  distinct  layers: 
the  surface  layer  near  the  ground, 
capped  by  a  mixed  layer. 

The  nocturnal  "mixed"  layer  features 
low  turbulence  levels  and,  often,  laminar 
flow,  so  the  term  "mixed"  is  misleading. 
It  is  used  here  to  mean  the  layer  above 
the  surface  layer,  a  usage  consistent  with 
the  daytime  case.  The  surface  layer  is 
dominated  by  the  frictional  force  and 
horizontal  shear  stress  near  the  ground. 
The  horizontal  stress  is  caused  by  the 
drag  of  friction-retarded  air  molecules 
on  faster-moving  air  molecules  at  higher 
levels.  The  depth  of  the  surface  layer,  h, 
is  defined  to  be  the  height  above  the 
ground  through  which  the  magnitude  of 
the  shear  stress  is  approximately 
constant  (varies  by  no  more  than  about 
10%).  Other  properties  of  the  surface 
layer  that  are  useful  for  modeling 
purposes  are: 

•  vertical  fluxes  of  heat  and  momentum 
that  are  nearly  constant  with  height, 
and 

•  steady-state  and  horizontally 
homogeneous  temperature  and 
velocity  fields. 

These  assumptions  allow  the  vertical 
structure  of  the  surface  layer  to  be 
parameterized  by  similarity  theory, 
developed  for  this  purpose  by  Monin  and 
Obukhov. 

Similarity  theory  assumes  that  the 
vertical  fluxes  of  heat,  momentum  and 
moisture  are  approximately  constant 
throughout  the  surface  layer.  The 
resulting  turbulence  of  the  flow  within  the 
surface  layer  is  solely  determined  by  the 
mean  tempeiatuie,  T,  the  friction  velo- 
city, u"  (derived  from  the  vertical  mo- 
mentum flux),  and  the  sensible  heat  flux, 
H.  These  parameters  are  combined  into 
a  length  scale  referred  to  as  Monin- 
Obukhov  length,  L  This  length  scale  is 
composed  of  quantities  that  are 
approximately  constant  throughout  the 
surface  layer,  and  is  an  important  length 
scaie  governing  diffusion  and  profiles  of 
wind,  temperature,  and  turbulence  in  the 
surface  layer.  As  such,  it  is  a  useful 
substitute  for  the  discrete  stability  class 
value    used    by    air    quality    models 
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developed  in  the  past. 

During  unstable  conditions,  the  height 
of  the  mixed  layer,  drive  by  convection, 
can  be  defined  as  the  layer  through 
which  the  potential  temperature  is  less 
than  that  of  the  heated  layer  at  the 
surface,  from  which  convective 
"thermals"  or  updrafts  originate.  The 
updrafts  lose  their  buoyancy  when  their 
potential  temperature  becomes  colder 
than  that  of  the  surrounding  air  of  the  top 
of  the  mixed  layer  (zj).  The  daytime 
mixed  layer  can  grow  rapidly  in  response 
to  a  steadily  increasing  surface  heat  flux. 
During  the  afternoon,  zt  reaches  a 
maximum  and  remains  relatively 
constant  as  the  surface  heat  flux  attains 
its  peak  value. 

Near  sunset,  an  abrupt  transformation 
of  the  Atmospheric  Boundary  Layer 
occurs  as  the  heat  flux  throughout  the 
entire  layer  turns  negative  rapidly.  The 
surface  layer  becomes  stably  stratified 
while  the  mixed  layer  above  remains 
relatively  unstable,  at  least  initially.  In 
some  models  of  the  boundary  layer,  the 
nocturnal  case  features  a  "mixed"  layer 
above  the  surface  layer  with 
supergeostrophic  wind  speeds  -  the 
well-known  low-level  nocturnal  jet 
phenomenon.  This  jet  develops  when  the 
mixed  layer  becomes  decoupled  from 
the  surface  layer  near  sunset  and  surface 
friction  is  then  not  effective  up  to  as 
great  a  height  as  during  the  daytime.  The 
balance  of  forces  on  the  stable  mixed 
layer  is  then  disturbed,  and  the  wind  can 
accelerate  because  the  pressure  force 
now  has  a  component  in  the  direction  of 
the  wind  (which  was  directed  toward 
lower  pressure  because  of  the  friction 
force  during  the  daytime).  As  a  result, 
supergeostrophic  wind  speeds  can  occur 
above  the  nocturnal  surface  layer  in  the 
low-turbulence,  laminar  flow  of  the 
mixed  layer.  Of  course,  large-scale 
mechanisms  such  as  the  influence  of  low 
pressure  areas  and  warm  or  cold  fronts 
can  dominate  and  prevent  the  low-level 
jet  from  appearing.  In  general,  it  is 
difficult  to  predict  with  certainty  the  onset 
and  strength  of  the  nocturnal  jet. 

The  predictability  of  the  structure  of 
the  low-turbulence  nocturnal  mixed 
layer  is  further  complicated  by  the 
occurrence  of  momentum  burst 
phenomena  during  conditions  that  favor 
the  onset  of  the  nocturnal  jet.  A  useful 
parameter  for  determining  the  likelihood 
of  the  breakdown  of  the  laminar  flow  of 
the  nocturnal  mixed  layer  is  the 
Richardson  number,  Ri.  Large  values  of 
Ri  (>1)  are  associated  with  stable 
conditions,  while  low  values  (<0.15)  are 
present  when  mechanical  turbulence  due 
to  wind  shear  overcomes  the  resistance 
to  turbulence  motion  presented  by  a 
thermally-stable  atmosphere.  A  review 
of  investigations  into  the  critical  value  of 


Ri  for  the  breakdown  of  laminar  flow  into 
turbulent  motion  yields  a  value  of  0.25. 
Observations  in  wind  tunnels  and  the 
atmosphere  show  that  the  critical  value 
varies,  with  turbulence  being  certain  if  Ri 
<  0.15  and  absent  for  Ri  >  0.5. 

During  low-level  jet  periods,  the 
laminar  flow  in  the  stable  mixed  layer  can 
break  down  if  the  speed  shear  between 
the  turbulent  surface  layer  and  laminar 
mixed  layer  aloft  results  in  a  Richardson 
number  favoring  the  breakdown. 

Summary  of  METPRO 
Operation 

METPRO  can  accept  input 
meteorological  data  from  several  sources 
(rawinsondes,  National  Weather  Service 
data,  on-site  measurements)  and 
produce  an  output  file  which  contains 
hourly  values  of  mixed  layer  height, 
friction  velocity,  Monin-Obukhov  length, 
and  surface  roughness  length.  Direct 
observations  of  the  mixed  layer  height 
are  used  when  available.  Otherwise, 
upper  air  data  are  used  in  the  mixed 
layer  height  calculation  after  initial 
processing.  METPRO  uses  site 
characteristics  (surface  moisture  [Bowen 
ratio],  albedo,  and  surface  roughness)  in 
conjunction  with  the  input  meteorological 
data  to  determine  a  best  estimate  for 
mixed  layer  height  as  well  as  the  friction 
velocity  and  the  Monin-Obukhov  length. 

A  variety  of  theoretical  and  empirical 
techniques  are  used  to  determine  the 
boundary  layer  variables  calculated  by 
METPRO.  During  daytime  hours,  an 
energy  balance  method  (among  latent, 
ground,  and  air  heating)  is  used  to 
determine  the  surface  heat  flux,  which  is 
then  used  in  conjunction  with  wind  and 
temperature  profile  data  to  estimate  z„  L, 
and  u*.  At  night,  the  downward  heat  flux 
into  the  ground  is  a  function  of  the 
surface  wind  speed  and  cloud  cover. 
Estimates  of  u*  and  L  in  stable  conditions 
are  then  used  to  calculate  the  height  of 
the  stable  surface  layer. 

The  site  characteristics  which  are 
used  in  the  calculation  of  heat  flux,  L  and 
u*  vary  as  a  function  of  season  and 
direction.  These  variations  are  accounted 
for  in  METPRO  with  the  allowance  of  up 
to  eight  different  direction  sectors 
(angular  widths  are  variable,  but  must 
sum  to  360°)  and  monthly  changes  in  the 
Bowen  ratio,  albedo,  and  surface 
roughness. 
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SEPA        Project  Summary 

FGETS(Food  and  Gill  Exchange  of  Toxic 
Substances):  a  Simulation  Model  for  Predicting 
Bioaccumulation  of  Nonpolar  Organic  Pollutants 
by  Fish 


A  FORTRAN  program  that 
simulates  the  kinetic  exchange  of  a 
nonpolar,  nonmetabolized  organic 
chemical  across  fish  gills  and  from 
contaminant  food  is  described.  The 
program  is  based  on  a  set  of 
diffusion  and  forced  convection 
differential  equations.  Gill 
morphometric  and  physiological 
parameters  are  estimated  by  the 
program  via  two  internal  databases. 
The  database  of  gill  morphometry 
spans  approximately  30  species, 
whereas  the  physiological  database 
presently  is  complete  only  for 
salmonid  fishes  and  rainbow  trout 
(Salmo  gairdneri). 

This  Project  Summary  was 
developed  by  EPA's  Environmental 
Research  Laboratory,  Athens,  GA,  to 
announce  key  findings  of  the 
research  project  that  is  fully 
documented  in  a  separate  report  (see 
Project  Report  ordering  information 
at  back). 

Introduction 

When    aquatic    ecosystems    are 
polluted  with  organic  chemicals,  fish  in 
those  systems  will  bioaccumulate  such 
substances  both  directly  from  the  water 
and  from  their  prey,  which  have  likewise 
become    contaminated     with     the 
chemicals.    For    benthic    species, 
chemicals  also  may  be  accumulated  by 
dermal    contact    with    contaminated 
sediments.   If  these   chemicals   are   not 
metabolized,    then    their    ultimate 
concentrations    in    fish    should    be 
predictable    based    on    principles    of 
thermodynamic  partitioning.  The  purpose 
of   this   work   is   to   present   a   dynamic 
model,  FGETS  (Food  and  Gill  Exchange 
of   Toxic    Substances),    that    describes 
thermody  nam  ical  ly     driven     bio- 
accumulation of  nonmetabolized  organic 
toxicants    by    fish.    This    work    is    an 
extension    of    a    previously    published 
model,    GETS,    which    describes    the 
uptake    and    depuration    of    organic 
toxicants  across  fish  gills. 


Development  of  the  FGETS  model  is 
part  of  a  four-laboratory  ecological  risk 
assessment  research  program. 
Contributing  to  the  research  program  are 
scientists  at  EPA's  Environmental 
Research  Laboratories  in  Athens,  GA, 
Corvallis,  OR,  Duluth,  MN,  and  Gulf 
Breeze,  FL 

FGETS  itself  is  a  FORTRAN 
simulation  model  that  predicts  temporal 
dynamics  of  a  fish's  whole  body 
concentration,  Cf  (ppm  =  pg  chemical/g 
live  weight  fish),  of  a  nonmetabolized, 
organic  chemical.  The  chemical  is 
bioaccumulated  either  from  water  only, 
which  is,  perhaps,  the  predominant  route 
of  exchange  during  acute  exposures, or 
from  *a\er  and  food  jointly,  which  is  the 
more  characteristic  route  for  chror>,c 
exposures.  These  dynamics  are 
calculated  algebraically  as  the  ratio  of  the 
fish's  predicted  total  body  burden.  Bf  = 
pg  chemical  fish,  to  its  live  weight  W  = 
g  live  fish  The  dynamics  are  simulated 
by  a  system  cf  coupled  diffet ential 
equations 

In  par'icuiai  fish  growth  is  modeled 
using  the  mass  balance  equation, 


dVwdt  =  F-  E-R-SDA 


(1) 


where. 


F  =  fish's  feeding  fiuxes  (g  day) 
E  =  f is    s  egestive  fluxes  [o  day) 
R   =   fish  S  respiratory  fiuxes 

fg  day) 
SI.) A  =  fish's  specific  dynamic 

action  (g  day) 

The    total    body    burden    of    a    fish    is 
modeled  by 

dBr/dt  =  SgJg  +  J, 

=Sqkw(Cw-Ca)  + J,  (2) 


where 


S„  =  the  fish's  total  gill  area 

(cm?) 
Jg  =  the  net  diffusive  Hux  across 

the  gills  (pg  cm2  day) 
J,  =  the  net  mass  exchange 

across  the  fish's  infestine 

from  food  (pg  day) 
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kw  =  the  chemical's  mass 

conductance  through  the 
interlamellar  water  of  the 
gills  (cm  day) 

Cw  =  the  chemical's  concen- 
tration in  the 
environmental  water 
(ppm) 

C.,  =  the  chemical's  concen- 
tration in  the  fish's 
aqueous  blood  (ppm) 

The  gill  exchange  portion  of  equation 
2  is  simply  a  direct  application  of  Fick's 
first  law  of  diffusion.  FGETS  allows  a 
user  to  select  one  of  three  possible 
model  formulations  to  represent  chemical 
exchange  from  food.  In  particular,  J  can 
be  modeled  assuming  either  a  constant 
toxicant  assimilation  efficiency,  in  which 
the   fish's   feces   and    whole    body    are 

tli/i.  r-*-»  Arlwm  rr*  i^illw         Arniilihr-ot/^n  r\r  O 

U  'bi    i  I  IUU  Jf   i  lUtlU^UH  y  ^»  ^  *J  M  I  fc.--  i    t*  i  w  »»>  ,  <J  i  •-* 

kinetic  expression  of  Fick's  first  law  of 
diffusion. 

To    use    equation    2.    a    functional 
relationship    between    a    chemical  s 
concentration    in    whole    fish    and    i 
aqueous  fraction  must  be  specified.  1 
this  end.  fish  are  treated  conceptually  a? 
a    three-phase    solvent    consisting    of 
water,  lipid  and  structural  organic  matter 
It   is   further   assumed   that   equilibration 
between    these    phases    is    rapid    in 
comparison  to  exchange  across  the  fish's 
gilis   and    intestine.    Consequently,   the 
fish's   whole  body   concentration  of  the 
chemical  can  be  written  as 

C,=  BrAV  =  <Pa  +  Px  Kj  + 

PsKs)Ca  (3) 


where: 


Pa  =  the  aqueous  fraction  of  the 

whole  fish 
P  =  the  lipid  fraction  of  the  whole 

fish 
K;  =  partition  coefficient  between 

lipid  and  water  (e.g.,  Kow) 
Ps  =  the  structural  organic  fraction 

of  the  whole  fish 
K,  =  partition  coefficient  between 


lipid  and  structural  organic 
matter;  eg.,  Koc  =  0.4  kow> 

Note  that  if  only  gill  exchange  is 
considered,  then  the  fish's 
bioconcentration  factor,  BCF  =  Cf  Cw  is 
given  by  the  weighted  sum 

BCF=  Pa  +  PjK,  +  P5KS 

Consequently,  equation  2  can  be 
rewritten  as 

dB?'dt  =  Sg  k.,,  (Cw  -  C./BCF)  +  J, 
=  Sgkw<Cw-B(/(WBCF)> 
-J,  (2a) 

which  shows  explicitly  how  equations  1 
and  2  are  coupled. 

Prospectus 

FGETS  has  been  preliminarily 
validated  and  appears  capable  of 
predicting  dynamic  internal  body 
concentrations  of  organic  chemicals  in 
fish.  This  capability  is  important  when 
chemical  exchange  between  fish  and 
their  environment  becomes  kinetically 
limiting  either  by  the  physicochemical 
properties  of  the  chemical  (e.g.,  high 
logP  or  low  water  solubility)  or  by 
allometnc  propertie  of  the  fish  (e.g., 
dynamic  surface  to  volume  ratios) 
because  it  is  actually  the  chemical's 
concentration  within  the  fish  at  specific  or 
nonspecific  sites  of  action  that  elicit 
acute  or  chronic  ecological'physiolcgica! 
effects. 

Additionally,  the  ability  of  FGETS  to 
predict  dynamics  of  bioaccumulation  of 
organic  chemicals  in  fish  offers  a 
powerful  tool  to  assess  potential  food 
chain  exposure  for  terrestrial  fish-eating 
organisms.  For  example,  if  the  use  of  a 
particular  chlorinated  organic  pesticide 
was  banned  within  a  river  basin,  one 
could  determine  when  the  pesticide's 
concentration  might  no  longei  pose  a 
health  risk  to  man  or  an  environmental 
threat  to  baid  eagles  or  other  piscivorous 
birds  in  the  region. 
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Nondestructive  Testing  (NDT) 
Techniques  to  Detect  Contained 
Subsurface  Hazardous  Waste 


A  systematic  and  comprehensive 
study  was  conducted  to  detect  buried 
containers  with  nondestructive  testing 
(NDT)  remote-sensing  techniques. 
Seventeen  techniques  were  considered 
but  only  four  were  ultimately  selected. 
Those  four  were  electromagnetic  in- 
duction (EMI),  metal  detection  (MD). 
magnetometer  (MAG),  and  ground 
penetrating  radar  (GPR).  The  containers 
—  both  steel  and  plastic  —  varying  in 
size  from  5  gal  to  55  gal  were  buried  in 
known  distributions  in  a  wide  variety  of 
soils;  also,  some  were  submerged  in 
water.  Five  diverse  field  sites  were  used. 

As  a  result  of  the  work  at  the  five 
field  sites,  a  relatively  complete  picture 
has  emerged  concerning  the  strengths 
and  weaknesses  of  the  four  NDT  sub- 
surface container  location  techniques. 
GPR  is  the  only  reliable  method  to 
detect  plastic  containers,  but  it  has 
limitations.  GPR,  EMI,  and  MD  all  suffer 
severe  loss  of  detection  ability  when 
the  background  electrical  conductivity 
exceeds  40  millimhos/meter.  In  dry 
sandy  soil  EMI,  GPR,  and  MAG  are  all 
capable  of  picking  up  a  single  55-gal 
steel  drum  to  a  depth  of  at  least  10 
feet.  The  MAG  method  works  well  for 
steel  under  all  subsurface  conditions, 
and  GPR  can  usually  pickup  the  side 
walls  of  the  excavations  where  waste  is 
dumped.  Application  of  signal  enhance- 
ment techniques  (background  suppres- 
sion) can  be  expected  to  enhance  NDT 
utility. 

Introduction 

Since  there  is  a  vast  amount  of 
hazardous  waste  buried  below  the  surface 
of  the  soil,  it  is  important  to  clean  up 
these  wastes  before  they  do  additional 
damage  to  the  environment.  The  first 
step  in  any  cleanup  procedure  is  to  detect 
the  waste  and  then  determine  its  spatial 
extent.  As  in  any  subsurface  exploration, 
many  techniques  can  be  brought  to  bear. 
Test  borings  and  limited  excavations  are 
very  valuable  but  are  not  without  their 


problems.  The  information  obtained  is 
not  continuous  and  the  destructive  nature 
of  the  test  makes  it  possible  that  waste 
could  inadvertently  be  released  during 
the  probing  phase.  Therefore,  there  is  an 
interest  in  probing  from  the  surface  with 
nonintrusive  methods. 

The  goal  of  this  project  is  to  identify 
and  assess  the  best  possible  NDT  tech- 
niques for  detecting  and  delineating 
hazardous  waste.  Since  another  EPA 
laboratory  was  performing  the  same  type 
task  for  monitoring  hazardous  waste 
leachate  plumes,  this  work  concentrated 
on  the  detection  of  steel  and  plastic  con- 
tainers buried  beneath  the  surface  of  soil 
and  water  bodies. 


Conclusions 

Table  1  presents  the  results  obtained  at 
all  five  field  sites  and  should  be  considered 
the  final  results  of  the  project  and  can 
serve  as  a  guide  for  the  practitioner. 
Some  additional  remarks  are  in  order  to 
help  assimilate  all  the  results  of  these 
studies. 

In  a  dry,  granular  soil  with  medium 
interference,  individual  typical  steel  con- 
tainers can  easily  be  seen  to  a  depth  of  at 
least  10  ft  with  all  methods  except  MD, 
which  detects  to  6  ft.  Deeper  detection  is 
probably  possible,  but  10  ft  was  the  limit 
of  our  burial  ability.  As  the  soil  water 
electrical  conductivity  becomes  larger,  the 
detection  ability  of  the  MD,  EMI,  and  GPR 
methods  suffers.  When  the  background 
conductivity  rises  to  40  millimhos/meters 
or  above,  the  detection  ability  is  seriously 
impaired.  The  MAG  method  works  well 
under  all  granular  soil  conditions  for  it  is 
not  affected  by  high  background  electrical 
conductivity. 

In  cohesive  soils  (clays),  there  are 
definite  problems  with  MD,  EMI,  and 
GPR  due  to  the  usual  high  water  content 
and  soil  inhomogeneities.  A  logistical 
problem  arose  with  respect  to  the  MAG 
data,  since  work  in  cohesive  soils  was 
performed  in  the  presence  of  magnetic 
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interfering  materials  (trucks,  fences,  etc.). 
Research  should  be  conducted  in  an 
interference-free  cohesive  soil  using  the 
MAG  method.  The  use  of  MD,  EMI,  and 
GPR  in  relatively  uniform,  dry  cohesive 
soils  is  of  interest. 

When  steel  containers  were  submerged 
under  water,  the  MD,  EMI  and  GPR 
methods  are  only  of  value  in  relatively 
fresh  water.  When  the  water  conductivity 
rises  above  60  millimhos/meter,  the  three 
methods  are  quite  useless.  The  MAG 
method  functions  well  in  water  of  all 
conductivities. 

Plastic  containers  are  more  difficult  to 
detect  than  steel  containers.  The  MD, 
EMI  and  MAG  methods  are  useless  in 
detecting  buried  plastic  containers.  The 
GPR  method  works  well  for  typical  size 
plastic  containers,  especially  if  the  con- 
tainers are  filled  with  electrically-conduc- 
tive material.  However,  the  method  still 
works  with  non-conductive  contents. 
These  results  for  plastic  containers  apply 
only  for  granular  soil  with  relatively  low 
electrical  conductivity.  If  the  granular  soil 
has  high  conductivity  material  in  its  voids 
or  if  the  soil  is  a  wet,  non-uniform 
cohesive  material,  then  the  same  limita- 
tions apply  to  GPR  as  were  mentioned 
earlier. 

While  this  is  a  systematic  and  compre- 
hensive study  of  NDT  methods,  it  is  not 
complete  and  a  few  additional  situations 
still  remain  to  be  studied. 

As  a  brief  bottom  line,  it  can  be  stated: 

•  MD,  EMI,  and  MAG  all  work  ex- 
tremely well  in  detecting  buried  steel 
containers  in  dry,  granular  soil  to 
any  typical  depth. 

•  The  MAG  method  works  well  under 
all  subsurface  conditions. 


•  MD,  EMI,  and  GPR  will  suffer  severe 
loss  of  detection  ability  when  the 
soil's  electrical  conductivity  rises 
above  about  40  millimhos/meter 
The  same  conductivity  limitations 
also  apply  to  the  detection  ability  for 
containers  submerged  under  water 

•  GPR  is  the  only  reliable  method  to 
detect  buried  plastic  containers. 

O  GPR  can  "see''  excavation  bound- 
aries. This  is  an  extremely  important 
point. 

•  For  a  preliminary  survey  of  a  metal- 
container  dump  site,  the  MD  (instru- 
ment costs  about  $500)  is  a  good 
first  method,  followed  closely  by  the 
MAG  method  (cost  about  $4000) 
More  detailed  surveys  can  use  the 
more  expensive  instruments:  EMI 
(cost  about  $8000)  and  GPR  (cost 
about  $30,000). 

The  full  report  was  submitted  in  ful- 
fillment of  Cooperative  Agreement  No 
CR-807777  by  Drexel  University  under 
the  sponsorship  of  the  U.S.  Environmental 
Protection  Agency. 
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Tmbh  1. 

General  Acceptability  of  Using 

Various  NDT  Methods  to  Locate  Typical  Sued  Buned  Containers 

(Maximum  Penetration  Depth  Achieved  m  Parentheses) 

Steel  Containers 

Ground  Penetrating 

Subsurface 

Type  of 

Metal 

Electromagnetic 

Material 

Saturation 

Void  Water 

Detector 

Induction 

Radar 

Magnetometer 

(Reference) 

(MD) 

(EMI) 

(GPR) 
excellent  (10) 

(MAG) 

Granular 

0%  ■    20% 

fresh 

excellent  (6) 

excellent  (W) 

excellent  iW) 

(sand) 

20%  ■    50% 

intermediate 

excellent  (2') 

average  (4') 

excellent  (3') 

excellent  (4') 

50%  -  tOO% 

ocean 

not  good 

not  good 

poor  (2') 

excellent  (W) 

Cohesive 

50%  ■  100% 

fresh 

moderate'  (4') 

moderate'  (4') 

moderate'  (4') 

poor  (4')" 

(clay) 

Water 

J  00% 

fresh 

excellent  (3') 

excellent  (3'/ 

excellent  (4 ') 

excellent  (3') 

100% 

intermediate 

poor 

not  good 

not  good 

excellent  (3') 

100% 

ocean 

not  good 
Plastic  Containers 

not  good 

not  good 

excellent  (3') 

Granular 

10%       50% 

intermediate 

not  good 

not  good 

excellent    if 
contents  con 
ductive  (4') 

fair  —  it  con- 
tents noncon 
ductive 

not  good 

50%  -  100% 

ocean 

not  good 

not  good 

poor 

not  good 

'Excellent  in  dry  clay 

**Many  interfering  magnetic  obiects  Excellent  in  absence  of  interference 
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SEPA         Project  Summary 

Soil  Gas  Sensing  for 
Detection  and  Mapping  of 
Volatile  Organics 


The  sensing  of  soil  gas  for  detection 
and  mapping  of  volatile  organics  is  a 
relatively  new  technique  that  deserves 
greater  attention.  Soil  organic  vapor 
monitoring  has  been  shown  to  be  a  cost 
effective  means  of  delineating  the  size 
and  movement  of  organic  contami- 
nants in  the  subsurface.  It  has  also  been 
shown  to  provide  immediate  informa- 
tion of  the  lateral  extent  of  soil  and 
ground-water  contamination  and  to 
minimize  and  more  accurately  predict 
the  number  and  location  of  conven- 
tional monitoring  wells  that  must  be 
drilled. 

Literature  on  the  technique  for  map- 
ping soil  and  ground-water  contamina- 
tion has  been  increasing,  but  compre- 
hensive reviews  of  the  method  have 
been  limited.  This  document  is  meant 
to  be  a  primer  on  the  current  state-of- 
the-art  of  soil  gas  sensing  as  it  relates 
to  the  detection  of  subsurface  organic 
contaminants.  It  is  hoped  that  such  a 
document  will  better  assist  all  those 
individuals  who  are  faced  with  assess- 
ing the  extent  of  contamination  of  our 
soil  and  ground  water. 

The  document  begins  by  outlining 
many  of  the  parameters  (water  solubil- 
ity, microbial  influence,  ground-water 
flow,  etc.)  that  must  be  considered  by 
the  scientist  before  utilizing  soil  gas 
sensors  in  a  field  monitoring  program. 
Next,  the  complex  soil,  air,  water,  and 
hydrocarbon  system  is  addressed  with 
an  overview  of  the  important  processes 
involved  in  the  transport  and  fate  of 
organic  contaminants  in  the  soil.  Addi- 
tional sections  address  the  correct 
sampling  and  analytical  methodologies 
for  monitoring  volatile  organics  in  the 
subsurface,  covering  such  sampling 
methods  as  headspace,  ground  probe, 
flux  chamber  and  passive  sampling 
techniques.  Analytical  methods  include 
organic  vapor  analyzers  (OV As)  and  gas 
chromatographs  with  a  variety  of 
detectors.  A  statistical  treatment  of  soil 


organic  vapor  measurements  is  also 
included  to  ensure  that  soil  organic 
vapor  monitoring  programs  address  the 
requirement  for  data  precision.  The 
statistical  section  also  gives  greater 
insight  into  understanding  the  spatial 
patterns  of  soil  organic  vapor  measure- 
ments. Finally,  case  studies  are 
included  to  give  the  unfamiliar  reader 
examples  of  the  design,  procedures, 
and  results  of  soil  organic  vapor  mon- 
itoring programs  that  have  been  suc- 
cessful in  delineating  the  size  and 
lateral  extent  of  subsurface  organic 
contaminants. 

Introduction 

Interest  in  the  measurement  of  con- 
centrations of  volatile  organic  com- 
pounds in  the  pore-space  gases  of  soil 
was  stimulated  by  enactment  of  Super- 
fund  (the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability 
Act,  or  CERCLA)  and  by  the  November 
1984  reauthorization  of  RCRA  (the 
Resource  Conservation  and  Recovery  Act 
of  1976)  which  directed  the  U.S.  Envi- 
ronmental Protection  Agency  (EPA) 
to  promulgate  standards  for  underground 
storage  tanks  to  include  provisions  for 
leak  detection  Soil  gas  monitoring  has 
been  shown  to  be  a  useful  technique  for 
mapping  organic  contamination  of  the 
subsurface  prior  to  the  use  of  more 
expensive  monitoring  methods  such  as 
the  drilling  of  wells  Inorganic  contam- 
ination may  be  mapped  using  geophys- 
ical methods  such  as  electrical  resistivity 
When  organic  contamination  is  com- 
mingled with  inorganic  contaminants, 
organic  contamination  may  be  mapped 
with  geophysical  methods;  however, 
when  relatively  low  levels  of  organic 
contaminants  are  not  commingled  with 
inorganic  contaminants,  soil  gas  moni- 
toring is  a  useful  technique  to  consider 
for  mapping  volatile  organics  Table  1 
shows  that  a  majority  of  the  contami- 
nants   found    at    Superfund    sites    are 
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organic  comtaminants  with  volatile 
organics  being  common. 

A  desired  goal  in  many  soil  gas 
investigations  of  organic  contamination 
is  to  establish  a  relationship  between  the 
organic  vapors  sampled  in  the  vadose 
zone  to  the  concentration  of  contami- 
nants in  the  ground  water.  If  a  relation- 
ship can  be  established,  soil  gas  meas- 
urements can  be  useful  in  determining 
the  location  for  monitor  wells  and 
assessing  the  extent  of  ground-water 
contamination.  If  a  relationship  cannot 
be  established,  soil  gas  monitoring  may 
still  be  a  technique  to  consider  in  quickly 
assessing  the  extent  of  contamination  of 
the  soil,  particularly  in  the  shallow  zone 
being  sampled  by  the  probes  or  passive 
samplers. 

The  increasing  interest  in  the  detection 
of  leaks  from  underground  storage  tanks 
has  further  increased  the  growing  inter- 
est in  soil  gas  monitoring.  Soil  gas 
measurements  may  be  used  to  locate  the 
source  of  the  leaked  material  as  well  as 
to  map  the  extent  of  the  contamination. 
Soil  gas  measurements  may  be  made 
over  time  within  the  excavation  zone 
containing  the  tank  and  piping  to  deter- 
mine if  a  tank  system  is  tight.  While 
permanent  monitoring  of  tanks  with 
vapor  monitoring  in  the  vadose  zone  is 
a  relatively  new  and  promising  use  of  soil 
gas  measurements,  the  monitoring  of 
underground  storage  tanks  for  leaks  is 
not  the  focus  of  this  document. 


Conclusions 

Soil  gas  measurements  are  proving  to 
be  useful  in  mapping  organic  contami- 
nation at  sites  prior  to  the  drilling  of 
monitor  wells,  or  the  colection  of  soil 
samples.  Since  soil  gas  measurements 
were  first  made  in  the  early  1 900's, 
measurements  of  soil  gas  have  increased 
dramatically  within  just  the  past  few 
years  to  the  point  where  the  technique 
is  often  considered  as  a  first  step  in  an 
investigation  of  organic  contamination  of 
the  subsurface. 

The  team  of  authors  who  wrote  this 
primer  on  the  method  reviewed  the 
literature  and  used  their  background  to 
cover  five  main  topics:  (1)  site  specific 
parameter  considerations,  (2)  transport 
and  retention  of  organics  in  soil  and 
ground  water,  (3)  sampling  methods,  (4) 
analytical  methods,  and  (5)  statistical 
treatment  of  soil  organic  vapor  measure- 
ments. Two  case  studies  are  presented 
to  illustrate  how  a  soil  gas  survey  may 
be  performed  and  how  the  data  may  be 
displayed  and  interpreted.  While  the 
document  was  not  intended  to  be  a 
guidance  document  for  making  soil  gas 
measurements,  some  guidance  is  offered 
to  the  reader  on  important  steps  and 
considerations  in  the  conduct  of  a  soil 
gas  study. 
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Ttblt  t  Most  Frequently  Identified  Substances  at  546  Supertund  Sites 

Rank  Substance 


Percent  ot  Sites 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 


Trichloroethylene 

Lead  and  Compounds 

Toluene 

Benzene 

Polychlormated  biphenyls 

fPCBsl 

Chloroform 

Tetrachloroethylene 

Phenol 

Arsenic  and  compounds 

Cadmium  and  compounds 

Chromium  and  compounds 

1.1.1-  Trichloroethane 

Zinc  and  compounds 

Ethylbeniene 

Xylene 

Methylene  chloride 

Trans  1 .2  dichloroethylene 

Mercury 

Copper  and  compounds 

Cyanides  I soluble  saltsl 

Vinyl  chloride 

1.2-  Dich/oroethane 

Chlorobenzene 

1 . 1  -dich/oroethane 

Carbon  tetrachloride 


33(b) 
30 

28  lb} 
26  lb) 

22 

20  lb) 

161b) 

15 

15 

15 

15 

14(b) 

14 

13  lb) 

131b) 

121b) 

It  lb) 

10 

9 

8 

81b) 

a  ib) 
a  ibi 
a  ibi 

8  lb) 


la)  Source  Adapted  from  McCoy  and  Associates.  The  Hazardous  Waste  Consultani  March/ 

April  1985.  Vol  3.  Issue  2 
lb)  Compounds  amenable  to  soit-gas  surveying—based  upon  Henry's  law  constant 
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677  Divers  Tools  —  A  Multifunction  Seawater  Hydraulic  System 

678  Lead  Oxide  Electroplating  Technology 

679  Ceramic  Welding-Torch  Extension  —  A  simple  attachment  extends  a  torch 
to  ditficult-to-reach  joints.  (Licensing  Opportunity) 

680  Electrostatic  Liquid-Drop-Levitation  System  —  Charged  drops  up  to  4mm 
in  diameter  remain  spherical  during  levitation 

681  Gear  Handbook  —  Topics  range  from  early  history  to  advanced  design. 

682  Image  Control  in  Automatic  Welding  Vision  System  —  The  orientation  and 
brightness  are  varied  to  suit  welding  conditions.  (Licensing  Opportunity) 

683  Interference  Fits  and  Roller-Bearing  Fatigue  —  Factors  affecting  life  and 
stress  are  analyzed. 

684  Processing  Welding  Images  for  Robot  Control  —  Image  data  from  two 
distinct  windows  are  used  to  locate  weld  features  (Licensing  Opportunity) 

685  Plasma  Spraying  of  Dense,  Rough  Bond  Coats  —  A  modified  plasma 
torch  sprays  coarse  powders. 

686  Recursive  Dynamic  Equations  for  Two  Robot  Arms  in  a  Closed  Chain  — 
Filtering  and  smoothing  algorithms  solve  forward  dynamics  for  closed 
chain  system 

687  Transfer  Lubrication  for  Cryogenic  Bearings  —  Bronze-filled  PTFE  cages 
promise  to  extend  lives  of  ball  bearings. 

688  Zero-Deadband  Ball  Bearings  —  Axial  motion  of  the  shaft  is  accommo- 
dated but  limited. 

Testing  &  Instrumentation 

689  Balloon  Holds  X-Ray  Film  in  Position  —  Accuracy  of  position  is  increased. 
(Licensing  Opportunity) 
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Divers  Tools 

A  Multifunction  Seawater  Hydraulic  System 


rock  drill 


NCEL  has  developed  a  set  of  four  rugged 
divers'  tools  powered  by  an  interchangeable 
3-hp  hydraulic  motor:  a  rotary  impact  tool,  a 
bandsaw,  a  rock  drill,  and  a  rotary  disk  tool. 
The  balanced  vane  motors  are  supplied  hy- 
draulic power  by  a  high-pressure  seawater 
pump  driven  by  a  41-hp  diesel  engine.  This 
pump  provides  filtered  seawater  at  14  gpm 
and  2,000  psi  in  an  open  circuit  system.  A 
compressed  air  system  and  two  modular  hose 
reels  complete  the  primary  components  of 
the  system.  The  compressed  air  powers  the 
seawater  lift  pump  as  well  as  being  available 
for  powering  pneumatic  tools  for  topside 
work. 


The  objective  of  developing  the  Multi-Func- 
tion Tool  System  (MFTS)  was  to  provide 
Underwater  Construction  Teams  (UCTs) 
with  a  tool  system  to  meet  their  operational 
needs  and  operate  safely  and  without  con- 
taminating the  environment.  Oil  hydraulic 
tools  improved  the  work  efficiency  of  the 
UCTs  but  at  the  expense  of  potential  in- 
creased personal  hazard  and  environmental 
contamination.  The  seawater  unit  is  environ- 
mentally neutral,  and  the  single-hose  open 
circuit  system  requires  less  physical  effort  to 
control,  particularly  in  ocean  currents. 

The  development  of  a  balanced  vane  motor 
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made  of  corrosion  resistant  materials  and 
machined  to  tolerances  that  compensate  for 
seawater's  low  viscosity  and  lubrication  char- 
acteristics required  nearly  10  years  of 
RDT&E.  A  series  of  development  models  of 
the  tools  was  developed  and  tested,  leading  to 
modifications  that  were  incorporated  in  the 
pre-production  prototype  models. 

Each  MFTS  package  for  deployment  with  the 
UCTs  consists  of  the  four  basic  tools,  the 
power  unit  with  hose  reels,  spare  parts  and  a 
complete  operations  and  maintenance  man- 
ual. Except  for  the  rock  drill,  the  tools  all 
share  a  standard  handle  and  valve  assembly 
that  have  been  designed  for  comfort  and 
control. 

These  diver  tools  are  made  of  materials  that 
resist  the  agressive  seawater  environment. 
Delrin,  a  lightweight  polymer,  is  used  for 


many  handles  and  housings.  Inconel,  titan- 
ium, aluminum,  and  Elgiloy  are  used  for  the 
high  stress  and  wear  parts.  Torlon,  agraphite- 
and  Teflon-filled  polymer,  is  used  for  high- 
wear  bearing  services. 

These  tools  require  little  field  maintenance; 
unlike  oil  hydraulic  tools,  no  routine  mainte- 
nance of  the  O-rings  and  seals  is  required- 
just  a  freshwater  rinse.  Periodic  overhaul  can 
be  accomplished  by  field  operators  or  in  the 
factory.  A  brief  description  of  each  tool  and 
its  operating  characteristics  follows. 
For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer 

Code  L03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

Refer  to  Techdata  sheet  88-0 17TN 


US  Army  Fact  Sheet 


Lead  Oxide  Electroplating  Technology 

Adhesion  of  lead  dioxide  plate  in  electrodes  in  liquid  reserve  power  supplies 
for  spin-stabilized  fuzing  is  often  poor.     This  causes  chipping  and  flaking 
resulting  in  reject  material.     It  also  reduces  battery  life  because  of  poor 
discharge  efficiency  at  high  temperatures.     This  process  optimized  the 
anodization  of  the  nickel  surfaces  and  process  control  of  lead  dioxide  electro- 
plating.    The  optimization  process  consisted  of  plating  material  while  varying 
the  parameters  such  as:     (1)  current  and  bath  concentrations,  (2)  temperatures 
in  the  nickel  plating,  nickel  anodizing  and  lead  dioxide  plating  stations.     The  •/ 
plated  material  was  tested  for  bond  quality  through  punching  and  bending  tests 
and  high  and  low  temperature  discharge.     Plating  material  was  subjected  to 
accelerated  aging  tests  to  determine  degradation  characteristics  as  a  function 
of  plating  parameter.     The  project  was  a  success  and  was  impleted  as  a  new 
manufacturing  process. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact  Mr.  Robert  Hellem,  US  Army  Industrial 
Base,  Engineering  Activity,  ATTN:  AMXIB-PG,  Rock  Island,  IL,  61299-7260; 
(309)  782-5235. 
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Ceramic  Welding-Torch  Extension 

A  simple  attachment  extends  a  torch  to  difficult-to-reach  joints. 


An  extension  for  a  welding-torch  gascup 
enables  a  welder  to  reach  joints  through 
openings  that  are  otherwise  too  narrow  or 
deep.  With  its  critical  part  made  of  a 
machinable  ceramic,  the  extension  can 
readily  be  cut  to  the  required  size  and 
shape  but  will  not  short-circuit  the  welding 
arc. 

The  extension  consists  of  the  following 
three  parts  (see  figure): 

1 .  An  externally  threaded  bushing  fits  into  a 
standard  gascup  so  that  it  protrudes  from 
the  end  of  the  cup.  The  bushing  can  be 
made  of  metal  or  machinable  ceramic. 

2.  An  internally  threaded  torch  extender 
screws  onto  the  protruding  bushing.  The 
extender  is  made  of  machinable  ceramic 
that  provides  electrical  insulation  from 
the  arc. 

3.  A  gasket  seats  between  the  gascup  and  a 
shoulder  on  the  extender.  The  gasket  pro- 
vides a  gas-tight  seal.  It  can  be  made  of 
polytetrafluoroethylene  or  other  heat-re- 
sistance gasket  material. 

Unlike  extenders  fabricated  from  steel, 
the  ceramic  extender  does  not  have  to  be 
plasma-spray-coated  with  a  refractory  in- 
sulating material.  It  is  therefore  immune  to 
the  flaking  and  chipping  that  plague  coat- 
ed-steel  extenders.  Flaking  and  chipping 
expose  bare  metal  to  arcing  and  create  de- 
bris, either  of  which  can  ruin  a  weld. 

This  work  was  done  by  Stephen  S. 


Standard 
Gascup 


Gasket 
EXTENSION  PARTS 


Mating  Threads 


PARTIALLY  ASSEMBLED  PARTS 

SHOWING  INTERNAL  THREADS 

OF  CERAMIC  EXTENDER 


BUSHING  INSTALLED  IN  CUP 


ASSEMBLED  EXTENSION 


The  Bushing,  Gasket,  and  Extender  mate  with  the  gascup  to  form  the  extension  assembly. 
The  extender  is  designed  and  fabricated  to  suit  a  particular  job. 

Gordon  of  Rockwell  International  Corp.  for       mercial  use  of  this  invention  should  be  ad- 
Marshall  Space  Flight  Center.  No  fur- 
ther documentation  is  available. 
Inquiries  concerning  rights  for  the  corn- 


dressed  to  the  Patent  Counsel.  Marshall 
Space  Flight  Center  Refer  to 
MFS-29252  /TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D-  Wofford,  Jr 
Mail  CodeCCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Electrostatic  Liquid-Drop-Levitation  System 

Charged  drops  up  to  4  mm  in  diameter  remain  spherical  during  levitation. 


An  electrostatic  levitator  has  levitated 
drops  of  liquid  up  to  4  mm  in  diameter  while 
maintaining  spherical  drop  shapes.  The 
stable  levitation  of  spherical  drops  will  be 
valuable  in  experiments  involving  super- 
cooling, solidification,  and  crystal  growth. 

Previously,  only  smaller  drops  had  been 
electrostatically  levitated  without  signifi- 
cant distortion;  comparably  large  drops 
had  been  levitated  by  acoustic  and  airflow 
techniques,  but  only  with  distortions  of 
drop  shapes  away  from  spherical. 

Before  the  drop  is  formed,  a  vertical 
electric  field  is  applied  between  the  levita- 
tor electrodes.  The  drop  to  be  levitated  is 
formed  by  a  small  nozzle  located  near  the 
lower  electrode  in  the  levitator  (see  figure). 
The  nozzle  is  connected  to  a  reservoir  of 
the  liquid  through  a  valve  or  a  syringe 
pump,  which  controls  the  flow  rate  and  the 
final  volume  of  the  drop. 

The  electric  field  charges  the  drop  by  in- 
duction and  helps  to  support  the  drop 
against  gravitation.  To  launch  the  drop,  a 
much  larger  electric  field  is  applied  mo- 
mentarily. Once  the  drop  is  free  of  the  noz- 
zle, its  vertical  position  between  the  elec- 
trodes is  actively  controlled  by  varying  the 
applied  electric  field  under  microproces- 
sor control. 

This  work  was  done  by  Won  Kyu  Rhim, 
Sang  Kun  Chung,  Michael  T.  Hyson,  and 
Daniel  D.  Elleman  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
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The  Drop  To  Be  Levitated  is  formed  on  the  nozzle.  The  graph  indicates  how 
the  plates  of  the  levitator  changes  during  the  formation  and  levitation  of 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Gear  Handbook 

Topics  range  from  early 
history  to  advanced  design. 

A  reference  publication  that  integrates 
the  results  of  15  years  of  NASA-related 
gear  research  has  been  compiled  to  form 
a  complete  design  synthesis  using  the  lat- 
est analytical  methods,  materials,  and  lu- 
brication analysis  and  techniques.  The  in- 
troductory section  provides  background 
information  separating  the  early  history  of 
gearing  and  the  beginning  of  modern  gear 
technology.  Section  2  describes  the  types 
and  geometry  of  gears,  including  informa- 
tion on  proper  gear  selection.  Section  3 
covers  the  processing  and  manufacture  of 
gears.  This  section  includes  a  comprehen- 
sive treatise  on  gear  materials  and  metal- 
lurgical processing  variables  as  well. 
Stresses  and  deflections  of  gear  teeth  are 
treated  in  Section  4. 

Life-prediction  methods  are  presented 
in  Section  5  together  with  sample  prob- 


lems. Gear  lubrication  and  the  application 
of  lubricants  to  improve  gear  operation, 
life,  and  reliability  are  given  in  Section  6. 
This  section  includes  additives  as  well  as 
elastohydrodynamic  effects.  Section  7 
provides  methodology  and  equations  for 
the  prediction  of  power  loss.  The  optimal 
design  of  spur-gear  mesh,  including  sizing 
for  torque  and  life,  is  presented  in  Sec- 
tion 8.  The  final  section  deals  with  gear- 
transmission  concepts.  The  information  in 
this  section  can  be  combined  with  the  in- 
formation from  previous  sections  to  form  a 
design  synthesis  for  mechanical  transmis- 
sions. 

This  work  was  done  by  John  J.  Coy, 
Dennis  P.  Townsend  and  Erwin  V.  Zaretsky 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  Reference 
Publication   1152  [N86-14612/NSP] 


(AVSCOM  Technical  Report  84-C-15), 
"Gearing. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A04]   LEW-14489/TN 


< 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Image  Control  in  Automatic  Welding  Vision  System 

The  orientation  and  brightness  are  varied  to  suit  welding  conditions. 


Servocontrol 
Signals 


Video 
Signals 


Image 
From  Weld 


Commands  From  the  Vision-System  Computer  drive  servomotors  on  the  iris  and  the  Dove  prism,  providing  the  proper  light  level  and  image 
orientation  (see  inset)  for  the  video  camera.  The  optical-fiber  bundle  carries  a  view  of  the  weld  area  as  viewed  along  the  axis  of  the  welding 
electrode. 


An  image  controller  for  a  welding  vision 
system  maintains  a  fixed  orientation  of  the 
view  presented  to  a  video  camera  regard- 
less of  the  motion  of  the  welding  torch.  The 
controller  presents  a  view  in  which  the  un- 
welded  joint,  the  weld  pool,  and  the  weld 
bead  always  appear  from  top  to  bottom  in 
the  video  picture.  The  constant  orientation 
simplifies  analysis  of  the  weld  image  by  the 
computer  that  operates  the  welding  robot. 

In  addition,  the  image  controller  regu- 
lates the  level  of  light  entering  the  camera. 
Since  the  light  level  can  vary  widely,  de- 
pending on  welding  current  and  the  length 
of  the  welding  arc,  the  controller  ensures 
that  the  light  used  to  generate  the  video  im- 
age stays  within  the  range  of  linear  re- 
sponse of  the  camera. 

In  the  welding  head,  the  image  of  the 
weld  is  formed  on  the  end  of  a  bundle  of  op- 
tical fibers,  as  described  in  "Robotic  vision 
for  Welding"  (MFS-27119),  NASA  Tech 
Briefs,  Vol.  10,  No.  5  (September/October 
1986),  page  121.  The  fibers  carry  the  image 
to  an  optics-and-camera  unit  (see  figure) 
on  the  robot  frame.  The  light  from  the  out- 
put end  of  the  fiber-optic  bundle  passes 


through  an  iris,  the  opening  of  which  is  ad- 
justed by  a  servomechanism  to  regulate 
the  light  level.  The  vision-system  computer 
sends  commands  to  the  servomechanism 
according  to  the  level  of  the  video-camera 
output. 

Leaving  the  iris,  the  light  passes  through 
a  Dove  prism  —  one  that  when  rotated,  ro- 
tates the  image  twice  as  much.  A  servo- 
mechanism  drives  the  prism  so  that  the  re- 
quired top-to-bottom  orientation  of  the  weld 
image  is  maintained.  Again,  the  computer 
generates  commands  for  the  servo  from 
the  video  data. 

An  analog  video  signal  is  used  to  display 
the  image  on  a  television  monitor.  Portions 
of  the  image  in  two  adjustable  "windows" 
are  also  digitized:  one  window  is  used  to 
acquire  data  in  the  region  of  the  weld  joint; 
the  other  is  used  to  acquire  data  from  the 
weld  pool.  Within  each  window,  picture 
elements  along  a  scan  line  can  be  skipped 
or  scan  lines  can  be  skipped  to  reduce  the 
amount  of  data  to  be  processed.  Frames 
(at  the  standard  rate  of  30  f  rames/s)  can  be 
skipped  to  assure  that  image  data  are  not 
acquired  faster  than  they  can  be  proc- 


essed. The  additional  exposure  time  made 
available  by  the  skipped  frames  can  be  ex- 
ploited to  brighten  the  image,  if  necessary, 
by  integrating  the  image  brightness  in  the 
camera  over  more  than  one  frame  period. 
Image  processing  is  described  more  fully 
in  the  companion  article,  "Processing 
Welding  Images  for  Robot  Control" 
(MFS-26036)  in  this  issue  of  NASA  Tech 
Briefs. 

This  work  was  done  by  Richard  W. 
Richardson  of  Ohio  State  University  for 
Marshall  Space  Right  Center.  For  fur- 
ther information,  Circle  103  on  the  TSP  Re- 
quest Card. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed 
to 

Ohio  State  University 

Attn.  Professor  R.  W.  Richardson 

1314  Kinnear  Road 

Columbus,  OH  43212. 
Refer  to  MFS-26035,  fTN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D  Wofford.  Jr 
Mail  CodeCCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Interference  Fits  and  Roller- 
Bearing  Fatigue 

Factors  affecting  life 
and  stress  are  analyzed. 

A  technical  memorandum  describes 
studies  of  the  effects  of  interference  fits  on 
the  fatigue  lives  of  roller  bearings.  With  the 
advent  of  higher-speed  aircraft  turbojet  en- 
gines, engine  manufacturers  began  ex- 
periencing shorter  bearing  life  than  could 
be  accounted  for  by  conventional  analysis, 
material  and  metallurgical  variables,  and 
manufacturing  processes.  As  a  result,  air- 
craft users  and  engine  manufacturers 
have  borne  the  high  costs  of  warranty  re- 
placements. 

By  trial-and-error  methods,  interference 
fits  between  the  bearing  rings  and  main- 
shafts  have  been  adjusted,  resulting  in  in- 
creased bearing  lives.  However,  the  rea- 
son for  this  improvement  was  not  readily 


apparent.  An  analysis  was  performed  to 
determine  the  effects  of  inner-ring  speeds 
and  press  fits  on  roller-bearing  fatigue 
lives.  The  effects  of  the  resultant  hoop  and 
radial  stresses  on  the  principal  stresses 
were  considered. 

The  maximum  shear  stresses  below  the 
Hertzian  contact  were  determined  for  dif- 
ferent conditions  of  inner-ring  speed  and 
load  and  were  applied  to  a  conventional 
roller-bearing  analysis.  The  effect  of  the 
mean  stress  was  determined  through  a 
Goodman-diagram  approach.  It  was  found 
that  hoop  stresses  caused  by  press  fits  and 
centrifugal  forces  can  reduce  bearing  lives 
by  as  much  as  90  percent.  The  use  of  a 
Goodman  diagram  resulted  in  a  prediction 


of  a  life  reduction  of  20  to  30  percent.  The 
depth  of  the  maximum  shear  stress  re- 
mained virtually  unchanged. 

This  work  was  done  by  Harold  H.  Coe 
and  Erwin  V.  Zaretsky  of  Lewis  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-87165  [N86-19616/NSP],  "Ef- 
fect of  Interference  Fits  on  Roller  Bearing 
Fatigue  Life." [A02] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
LEW-14490/TN 
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Processing  Welding  Images  for  Robot  Control 

Image  data  from  two  distinct  windows  are  used  to  locate  weld  features. 


A  video-image  analyzer  isolates  ele- 
ments of  an  arc -welding  scene  into  two 
distinct  windows.  The  analyzer  is  part  of 
the  vision  system  described  briefly  in  the 
companion  article,  "Image  Control  in  Auto- 
matic Welding  Vision  System"  (MFS- 
26035)  in  this  issue  of  NASA  Tech  Briefs. 
The  analyzer  examines  images  of  the  weld 
as  it  is  being  made  and  sends  control  sig- 
nals to  a  welding  robot  according  to  what  it 

"sees." 

The  analyzer  creates  windows  around 
the  unwelded  joint  and  around  the  weld 
pool  (Figure  1).  By  focusing  attention  on 
these  crucial  parts  of  the  weld,  the  analyz- 
er has  to  process  only  a  small  number  of 
the  60,512  picture  elements  in  the  image, 
ignoring  irrelevant  parts  of  the  image.  This 
reduces  the  requirement  for  memory  and 
increases  the  processing  speed.  The  win- 
dows can  be  moved  and  changed  in  size  to 
encompass  key  features,  either  automati- 
cally by  the  vision-system  computer  or 
manually  by  an  operator.  The  analyzer 
handles  data  from  the  windows  separately 
and  in  parallel  to  speed  processing  further. 

A  separate  computer  board  acquires 
the  digitized  data  from  each  window.  Each 
board  accepts  up  to  4,064  bytes  of  8-bit 
parallel  data  per  image  frame,  the  exact 
number  of  bytes  depending  on  the  window 
size.  The  boards  are  programmed  by  inter- 
nal registers  to  pick  up  only  the  data  ft  m 
picture  elements  in  designated  rows  and 
columns  in  a  window  to  reduce  further  the 
processing  load. 

The  video  camera  presents  a  new  im- 
age frame  every  one-thirtieth  second.  Be- 
cause the  analyzer  usually  requires  more 
than  one-thirtieth  second  to  process  the 
window  data,  the  data-acquisition  boards 
can  skip  frames.  During  the  skipped 
frames,  the  analyzer  can  catch  up  on  proc- 
essing the  data  it  already  has.  The  number 
of  frames  to  be  skipped  is  chosen  manual- 
ly. If  not  enough  frames  are  skipped,  the 
system  displays  an  error  message,  indicat- 
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Figure  1.  Horizontal  Video  Lines  Define  Windows  for  viewing  the  unwelded  joint  and  the 
weld  pool,  respectively.  Data  from  the  picture  elements  outside  the  windows  are  not  proc- 
essed. 


ing  to  the  operator  that  more  frames  must 
be  blanked  out.  Ordinarily,  from  2  to  30 
frames  must  be  skipped  to  allow  enough 
processing  time. 

Frame  skipping  is  also  used  to  exploit 
the  inject/inhibit-gate  feature  of  the  video 
camera.  For  example,  picture  elements  in 
the  upper  window  might  be  allowed  to  ac- 
cumulate light  during  a  period  extending 
over  an  active  frame  and  one  or  more 
blanked  frames,  whereas  those  in  the  low- 
er window  might  be  allowed  to  accumulate 
light  during  only  one  frame.  Thus,  the  win- 
dow containing  the  image  of  the  unwelded 
joint,  which  is  not  as  bright  as  the  image  of 
the  weld  pool,  can  be  given  a  longer  ex- 
posure period. 

After  the  windows  of  video  data  are  ob- 
tained, subroutines  are  called  to  do  the  two 
basic  steps  in  image  processing: 

1 .  Systematic  analysis  of  each  window  to 
identify  local  features  and 

2.  Identification  of  closely  spaced  groups 
of  local  features  corresponding  to  weld- 


ing features  of  interest  —  in  particular, 
to  the  left  and  right  edges  of  the  weld 
pool  and  left  and  right  edges  and  center- 
line  of  the  unwelded  joint. 
Each  horizontal  line  of  video  data  in  a 
window  is  represented  by  a  sequence  of 
binary  numbers  in  the  computer  memory. 
The  binary  numbers  are  proportional  to  the 
amount  of  light  falling  on  each  successive 
picture  element.  The  variation  of  bright- 
ness within  each  horizontal  line  is  exam- 
ined to  find  locations  with  predetermined 
characteristics —  the  local  features.  If 
such  local  features  appear  at  about  the 
same  position  in  successive  horizontal 
lines,  forming  a  cluster  of  local  features 
(Figure  2),  it  is  likely  that  the  edge  of  a  pool 
or  joint  feature  is  indicated. 

The  product  of  image  processing  of  a 
set  of  upper  and  lower  windows  is  a  se- 
quence of  up  to  10  numbers,  which  are 
passed  to  the  welding  controller.  The  num- 
bers represent  the  left,  right,  and  middle 
locations  of  the  joint  and  the  left  and  right 
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locations  of  the  pool  edge,  as  well  as  a  con- 
fidence level  for  each.  The  controller  de- 
cides whether  the  confidence  level  is  high 
enough  and  whether  to  act  on  the  informa- 
tion by  sending  appropriate  control  signals 
that  affect  the  path  of  the  welding  heat,  the 
weld-wire  feed,  and  the  welding  current. 

This  work  was  done  by  Richard  W. 
Richardson  of  Ohio  State  University  for 
Marshall  Space  Right  Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed 
to 

Ohio  State  University 

Attn.  Professor  R.  W.  Richardson 

1314  Kinnear  Road 

Columbus,  OH  43212. 
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Scattered  Features 


Grouped  Features 


Figure  2.  Widely-Separated  Local  Features  carry  no  significance,  but  closely  spaced 
features  may  indicate  a  welding  feature  —  here  the  left  edge  of  the  unwelded  joint.  The  im- 
age processor  assigns  a  confidence  level  to  a  group  of  local  features  according  to  their 
spacing  and  pattern. 
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Plasma  Spraying  of  Dense,  Rough  Bond  Coats 

A  modified  plasma  torch  sprays  coarse  powders. 


Dense  metallic  coatings  with  surface 
roughnesses  of  at  least  400  jiin.  (10fim) 
can  now  be  prepared.  Heretofore,  low- 
pressure-plasma  spraying  has  been  used 
to  produce  dense,  oxidation-resistant  bond 
coats  for  thermal-barrier  coating  systems. 
The  disadvantage  of  this  method  is  that  it  is 
difficult  to  melt  coarse  metal  particles 
completely  during  the  short  times  they 
spend  in  the  high-velocity,  low-pressure 
plasma  effluent.  Thus,  it  is  generally  nec- 


essary to  use  starting  powders  that  have 
particle  sizes  less  than  44  ^m.  However, 
bond-coat  roughness  sufficient  for  the  at- 
tachment of  ceramic  layers  is  difficult  to 
obtain  from  fine  starting  powders. 

A  simple  modification  of  the  plasma 
torch  facilitates  the  spraying  of  coarse 
powders.  The  shape  of  the  nozzle  is  changed 
to  obtain  a  decrease  in  the  velocity  of  the 
gas  and  a  consequent  increase  in  the  time 
the  particles  spend  in  the  flame  before  im- 


pact on  the  substrate.  The  increased  resi- 
dence time  allows  melting  of  thejsoarser 
powders,  the  spraying  of  which  results  in 
rougher  bond  surfaces. 

This  work  was  done  by  Robert  A.  Miller 
and  Brian  J.  Edmonds  of  Lewis  Research 
Center  and  George  W.  Leissler  of  Sver- 
drup  Technology,  Inc.  No  further  docu- 
mentation is  available. 
LEW-14526  /7A/ 
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Recursive  Dynamic 
Equations  for 
Two  Robot  Arms 
in  a  Closed  Chain 

Filtering  and  smoothing 
algorithms  solve  forward 
dynamics  for  closed 
chain  systems. 


A  paper  discusses  the  use  of  difference 
equations  from  Kalman  filtering  and 
Bryson-Frazier  smoothing  to  solve  the 
equations  of  forward  dynamics  of  a  closed 
chain  of  robot-arm  links.  By  "forward  dy- 
namics" is  meant  the  computation  of  the 
linear  and  angular  accelerations  of  the 
joints  between  the  links,  given  a  set  of  ap- 
plied or  prescribed  joint  torques.  The  paper 
lays  the  foundation  for  the  potential  use  of 
filtering  and  smoothing  techniques  in  the 
dynamics  of  robots  and  in  the  design  of 
controls  for  robots. 

The  problem  involves  a  mechanical  sys- 
tem of  N  rigid  links  connected  together  by 
N  + 1  rotary  joints;  the  two  ends  of  the 
chain  (joint  0  and  joint  N  + 1 )  are  located  at 
fixed  points  on  an  immovable  base.  Joints 
0  and  N  + 1  lie  at  the  bases  of  the  left  and 
right  robot  arms,  respectively,  and  one  of 
the  intermediate  links  represents  the  ob- 
ject handled  by  the  two  arms. 

As  in  a  previous  paper  on  the  recursive 
dynamics  of  a  single  robot  arm,  the  author 
introduces  the  concept  of  spatial  force  on 
a  link  by  defining  the  six-dimensional  vector 
that  represents  the  torques  and  forces  on 
the  link.  Similarly,  the  spatial  acceleration  is 
defined  as  the  six-dimensional  vector  rep- 
resentative of  the  linear  and  angular  accel- 
erations of  the  link.  The  spatial  inertia  is  de- 
fined as  a  six-by-six  matrix  that  specifies 
the  mass  and  moments  of  inertia  of  the 
link,  and  the  spatial  interval  is  defined  as 
the  ordinary  three-dimensional  vector  from 
the  inner  to  the  outer  joint  of  the  link. 


In  this  matrix/vector  form,  the  equations 
of  motion  for  each  joint  are  combined  into 
a  linear  difference  equation  that  enables 
the  spatial  force  at  an  inner  joint  to  be 
calculated  from  the  spatial  force  at  an 
outer  joint  and  the  spatial  acceleration  of 
the  link.  The  difference  equation  is  similar 
in  form  to  equations  that  describe  the  evo- 
lution of  state-space  systems  in  discrete 
time  steps;  here,  the  spatial  force  plays  the 
role  of  the  state,  while  the  link  spatial  inter- 
val plays  the  role  usually  reserved  for  the 
discrete  time  step. 

The  kinematic  equations  are  combined 
into  a  difference  equation  for  the  spatial  ac- 
celerations as  functions  of  the  joint  ac- 
celerations. The  spatial  accelerations  play 
the  role  of  costates  that  are  typical  in 
optimal-control  and  estimation  problems. 
The  costate  equation  gives  the  spatial  ac- 
celeration of  a  link  at  its  outer  joint,  given 
the  acceleration  of  its  inner  joint.  The  com- 
bination of  state  and  costate  equations  de- 
fines a  two-point  boundary-value  problem, 
with  the  boundary  condition  that  the  co- 
states  vanish  at  the  bases  of  the  two  arms 
because  the  bases  do  not  move. 

One  forward-dynamical  solution  of  the 
boundary-value  problem  is  based  on  the 
use  of  the  Bryson-Frazier  smoother  twice: 
first  to  solve  the  problem  with  fixed/free 
boundary  conditions  and  then  to  correct 
the  first  solution  to  match  the  true  fixed/ 
fixed  conditions.  The  filtering  recursions  in- 
volve prediction  and  correction  corre- 
sponding to  that  of  a  Kalman  filter  with  no 


measurement  noise.  After  the  first  smooth- 
ing process,  the  fixed  boundary  condition 
of  the  base  of  the  left  arm  is  not  matched. 
However,  the  condition  is  matched  in  the 
second  smoothing  process,  which  is  a  for- 
ward and  backward  recursion  that  gives 
the  spatial  and  joint  accelerations,  using 
the  results  of  the  first  process  as  inputs. 

In  an  alternative  solution,  the  roles  of  the 
states  and  costates  are  reversed  to  enable 
better  matching  of  the  boundary  condi- 
tions. It  is  not  necessary  to  use  the  smooth- 
ing procedure  twice,  but  there  is  a  penalty 
in  a  slight  increase  in  the  complexity  of  the 
recursive  equations. 

This  work  was  done  by  Guillermo 
Rodriguez  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
"Recursive  Forward  Dynamics  for  Two 
Robot  Arms  in  a  Closed  Chain, " 
NPO-17072  /TN 
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Transfer  Lubrication 
for  Cryogenic  Bearings 

Bronze-filled  PTFE  cages 
promise  to  extend  lives 
of  ball  bearings. 

A  report  presents  an  evaluation  of 
bronze-filled  polytetrafluoroethylene 
(PTFE),  known  as  Salox  M  (or  equivalent), 
as  the  cage  material  for  ball  bearings  in 
high-pressure  turbopumps  for  liquid  oxy- 
gen. The  material  was  evaluated  as  a  po- 
tentially longer-lived  replacement  for 
glass-filled  PTFE  known  as  Armalon  (or 
equivalent).  The  cage  transfers  PTFE  to  the 
balls  to  form  a  solid  lubricant  film.  How- 
ever, glass  fibers  in  the  glass-filled  material 
tend  to  interfere  with  the  transfer. 

The  evaluation  addressed  the  following 
questions: 

•  Will  the  bronze-filled  PTFE  transfer  a  film  at 
cryogenic  temperatures? 

•  What  is  the  wear  rate  of  bronze-filled  PTFE 
in  comparison  with  the  glass-filled  PTFE? 

•  Does  the  bronze-filled  material  cause  less 
deleterious  ball  wear  than  the  glass-filled 
PTFE? 

•  Is  transfer  enhanced  at  some  value  of  the 
ball-surface  roughness? 

•  Can  the  bronze-filled  material  be  fabricat- 
ed in  an  acceptable  cage  configuration? 


A  series  of  experiments  was  conducted 
to  answer  the  questions.  The  experiments 
involved  block-on-ring  tests  (the  block  was 
the  filled  PTFE,  and  the  ring  was  through- 
hardened  440C  steel)  and  high-speed  trac- 
tion tests  of  two  440C  steel  disks,  in  which 
one  disk  was  rubbed  with  a  filled  PTFE 
block  to  generate  a  film.  Posttest  visual 
observations  were  made  of  the  condition 
of  the  steel,  and  measurements  were 
made  of  wear  of  the  block  and  of  the  trac- 
tion between  the  disks. 

Both  the  bronze-filled  and  glass-filled 
PTFE  transferred  PTFE  to  the  steel  at  cryo- 
genic temperatures.  Bronze  is  also  trans- 
ferred from  the  bronze-filled  material.  The 
bronze-filled  PTFE  wore  slightly  more  than 
the  glass-filled  PTFE.  However,  the  bronze- 
filled  material  was  clearly  less  abrasive  to 
the  steel  than  was  the  glass-filled  material. 
Smooth  ball  surfaces  were  found  to  accept 
PTFE  adequately.  The  wear  rate  did  not 
change  significantly  when  the  surface 
roughness  was  increased  from  0.025  ^m 
to  0.1  ^m.  With  greater  roughness,  how- 


ever, the  wear  rate  increased. 

Two  cage-design  concepts  were  deve- 
loped: one  involves  a  metal-reinforced 
cage  of  bronze-filled  PTFE;  the  other  calls 
for  bronze-filled  PTFE  inserts  in  a  metal 
structure. 

This  work  was  done  by  S.  A.  Barber,  J.  W. 
Kannel,  and  K.  F.  Dufrane  of  Battelle  for 
Marshall  Space  Flight  Center 
"Evaluation  of  Transfer  Films  of  Salox 
M  on  440C  for  HPOTP  Bearing  Cage 
Applications, "  MFS-27167  /JN 
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Zero-Deadband  Ball  Bearings 

Axial  motion  of  the  shaft  is 
accommodated  but  limited. 


Proposed  supports  for  ball  bearings 
would  press  the  outer  races  against  the 
balls  without  radial  clearance  (deadband). 
The  bearing  supports  would  thus  eliminate 
the  nonlinear  spring  response  in  the  sup- 
port assembly,  which  adversely  affects  the 
dynamics  of  the  rotor,  especially  in  the 
case  of  such  high-speed  machines  as  tur- 
bopumps. 

In  the  new  supports  (see  figure),  the 
races  are  held  by  diaphragms  or  other  ax- 
ially  flexible  springs.  The  springs  are 
preloaded  axially  in  opposite  directions  so 
that  the  outer  races  are  preloaded  against 
the  balls,  which  in  turn  press  against  the  in- 
ner races  rigidly  clamped  to  the  rotor.  The 
need  for  diametral  clearance  between  the 
outer  bearing  race  and  the  bearing  sup- 
ports —  ordinarily  required  to  accommo- 
date axial  motion  of  one  race  relative  to  the 
other  —  is  eliminated. 

If  a  pair  of  bearings  is  needed  at  each 
end  of  the  rotor,  the  outer  race  of  the  addi- 
tional bearing  at  each  end  can  be  support- 
ed separately  by  a  similar  diaphragm  or 
spring  in  series  with  the  first  spring.  Al- 
ternatively, all  of  the  bearings  can  be  sup- 
ported by  radially  stiff  and  axially  flexible 
springs  mounted  on  the  frame  extending 
from  the  outer-race  supports.  Both  ar- 
rangements allow  for  the  axial  motion  of 
the  rotor  without  the  usual  diametral  clear- 
ance between  the  outer  and  inner  races. 

Separate  axial-preload  springs  are  not 
needed.  So  that  the  bearings  are  not 
loosened  by  large  axial  motions  of  the 
rotor,  the  axial  movement  of  the  rotor  can 
be  limited  by  hard  stops. 

This  work  was  done  by  Michael  J.  Mine 
of  Rockwell  International  Corp.  tor  Mar- 
shall Space  Right  Center.  No  further 
documentation  is  available. 
MFS-29146  /TN 
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Diaphragmlike  Axially  Flexible  Springs  eliminate  deadband  and  the  consequent  nonlinear 
radial  vibrational  response  of  the  rotor.  If  the  shaft  needs  two  bearings  at  each  end,  they  can 
be  supported  independently  or  connected  in  series  by  a  U-spring.  Mechanical  stops  limit  the 
axial  travel  of  the  shaft. 
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Balloon  Holds  X-Ray 
Film  in  Position 

Accuracy  of  position 
is  increased. 


A  simple  pneumatic  apparatus  holds 
x-ray  film  against  the  inside  wall  of  a  tube  or 
cavity.  By  assuring  intimate  contact  be- 
tween the  wall  and  the  film,  the  apparatus 
locates  the  film  precisely:  such  precision  is 
necessary  for  depth-of-defect  calculations 
based  on  the  image  parallax  produced  by 
using  different  positions  for  the  x-ray 
source. 

The  apparatus  consists  of  a  small  hose 
with  a  hand-operated  airpump  at  one  end 
and  a  balloon  at  the  other  (see  figure).  The 
film  is  placed  at  the  desired  location  near 
the  wall.  The  balloon  is  inserted  and  in- 
flated next  to  the  film,  expanding  within  the 
tube  or  cavity  until  it  pushes  the  film  against 
the  wall.  The  balloon  can  be  covered  with  a 
nylon  sock  to  reduce  the  risk  of  bursting 
and  to  contain  debris  in  case  of  a  burst. 

This  work  was  done  by  Joseph  C. 
Bezaire  and  Claudio  Alonso  of  Rockwell  In- 
ternational Corp.  for  Marshall  Space 
Right  Center.  No  further  documentation 
is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-29239.  /77V 
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Patent  Counsel; 
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A  Balloon  Is  Expanded  against  the  confines  of  a  cavity  to  push  an  x-ray  film  against  the  inner 
wall.  With  the  assurance  that  the  x-ray  image  is  formed  at  the  wall,  the  position  of  the  defect 
can  be  calculated  accurately. 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


689 


< 


Materials 


690  Lead-Indium  Phosphate  and  Lead-Scandium  Phosphate  Glasses  for 
Optical  Applications  (Licensing  Opportunity) 

691  Anodization  as  a  Repair  Technique  —  A  thin,  hard  oxide  layer  can  be 
added  to  an  aluminum  part. 

692  Boron  Carbides  as  Thermoelectric  Materials  —  Progress  toward  High 
performance  at  high  temperature  is  reported 

693  Composites  That  Exceed  Superalloys  in  Rupture  Strength  —  Ceramic- 
fiber-reinforced  iron  alloys  show  promise  as  turbine  parts  for  intermediate- 
temperature  service. 

694  Electron-Beam  "Writes"  Silicon  on  Sapphire  —  Micron-wide  lines  are 
formed.  (Licensing  Opportunity) 

695  Fire-Resistant,  Plastic-Foam  Airducts  —  Polyimide  ducts  are  lighter  and 
cheaper  than  aluminum  ducts. 

696  Fire-Resistant  Polyamides  Containing  Phosphorus  —  Flammability  and 
weight  loss  are  reduced.  (Licensing  Opportunity) 

697  Fluidized-Bed  Deposition  of  Single-Crystal  Silicon  —  A  chemical-vapor- 
deposition  technique  is  proposed  for  production  of  uniformly  thin  films 

698  Rheological  Tests  of  Shear-Thickening-Polymer  Solutions  —  A  vibrational 
method  avoids  thickening  during  measurement. 

699  Solidification-Rate  Effects  in  MAR-M-246+Hf  Alloy  —  Under  slower 
solidification,  the  primary-dendrite-arm  spacing  increases 

700  Steels  for  Rolling-Element  Bearings  —  Bearing  lives  have  been  increased 
by  attention  to  details  of  processing  and  applications. 

701  Thermal  Response  of  Composite  Insulation  —  An  engineering  model 
gives  useful  predictions.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

702  Differential  Mechanical  Properties  Microprobe 

703  SIGMAJIG:  A  Weldability  Test  Device 

704  Ultrasonic  Techniques  for  the  Evaluation  of  Ceramic  Joints 


< 


•     Technology  Application 


Oak  Ridge  National  Laboratory 


Licensing 
Opportunities 


LEAD-INDIUM  PHOSPHATE  AND  LEAD-SCANDIUM  PHOSPHATE  GLASSES 

FOR  OPTICAL  APPLICATIONS 


Key  words:  Optical  glass;  optical  components; 
radiation  shielding  glass;  lenses;  optical  fibers; 
optical  materials;  prisms 


Two  new  glasses  have  been  developed  for  use 
in  a  variety  of  standard  optical  components  such 
as  lenses,  prisms,  and  windows  (Fig.  1).  These 
new  glasses  are  also  of  interest  for  potential 
applications  as  optical  fibers.  Additionally, 
because  of  their  high  lead  content  and  the  fact 
that  they  are  colorless  and  highly  transmitting  in 
the  visible  wavelength  region,  these  glasses  are 
of  interest  for  applications  as  radiation-shielding 
windows  and  as  components  for  nuclear  medical 
applications. 

These  new  optical  materials  have  a  relatively 
high  index  of  refraction  (n  =  1.75  to  1.83),  a 
broad  transmission  range  (300  to  >2800  nm), 
and  exhibit  moderate  dispersion  (Abbe 
number    =    30).  They  exhibit  good  chemical 
durability  and  resist  both  weathering  and  g£ 
radiation.  ^MfaQ 

The  unusual  features  of  both  J^8d-md|ynr 
phosphate  and  lead-scandium  phosphate  glasses 
include  a  low  preparatiorj  temperature  and  a  very 
low^m^iy  viscosity".  It  should  be  possible  to  cast 
glass.es  "bjf  this  type  into  intricate  parts  that  are 
close  to  the  desired  shape,  thereby  minimizing 
subsequent  grinding  and  polishing  operations. 


VS 


Fig.  1.  Samples  of  the  new  lead-indium  phosphate  and 
lead- scandium  phosphate  optical  glasses.  ,^c\ 

These  glasses  are  protected  by  U.S.  patent 
No.  4,699,889. 

Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge.  TN  37831 

Telephone:  (615)  574-4192;  FTS  624-4192 

B.  C.  Sales  and  L.  A.  Boatner,  "Optical.  Structural,  and 
Chemical  Characteristics  of  Lead-Indium  Phosphate  and 
Lead-Scandium  Phosphate  Glasses,"  J.  Am.  Coram.  Soc. 
70,  615-21  (1987). 
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Anodization  as  a  Repair  Technique 

A  thin,  hard  oxide  layer  can  be  added  to  an  aluminum  part. 


Surfaces  on  an  aluminum  part  that  are 
worn  out  of  tolerance  by  no  more  than 
0.004  in.  (0.1  mm)often  can  be  repaired  by 
anodizing  to  build  up  aluminum  oxide 
layers.  The  oxide  layers  are  very  hard  and 
can  be  ground  to  the  desired  final  dimen- 
sions. 

Over  the  past  two  years  this  technique 
has  been  used  to  salvage  a  number  of  ma- 
chined fittings  with  close-tolerance  holes 
that  were  oversize  or  "egg-shaped."  It  is 


expected  that  the  technique  will  become  a 
standard  repair  procedure. 

Although  the  chemistry  is  different,  the 
new  repair  technique  is  conceptually  simi- 
lar to  the  use  of  surface  plating  to  restore 
worn  surfaces  on  steel  parts;  for  example, 
hard  chromium  plating  on  engine  crank- 
shafts. Unlike  plated  metal,  the  ancdized 
layer  is  an  integral  part  of  the  surface  and 
hence  not  subject  to  peeling  or  separation 
during  thermal  or  structural  loading.  Also, 


unlike  plating,  anodization  does  not  require 
the  preparatory  removal  of  material  from 
the  surface  to  be  treated. 

777/s  work  was  done  by  Roy  E.  Groff, 
Robert  D.  Maloney,  and  Robert  W.  Reeser 
of  Martin  Marietta  Corp.  for  Johnson 
Space  Center.  No  further  documentation 
is  available. 
MSC-21177/TN 
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Boron  Carbides  as  Thermo- 
electric Materials 

Progress  toward  high  perform- 
ance at  high  temperature  is 
reported. 

A  report  reviews  recent  theoretical  and 
experimental  research  on  thermoelectric 
materials.  Though  the  development  of 
thermoelectric  materials  had  languished 
after  the  considerable  progress  made 
about  30  years  ago,  recent  work  with  nar- 
row-band semiconductors  has  demon- 
strated the  possibility  of  relatively  high  ther- 
moelectric energy-conversion  efficiencies 
in  materials  that  can  withstand  the  high 
temperatures  needed  to  attain  such  effi- 
ciencies. Among  these  promising  semi- 
conductors are  the  boron-rich  borides, 
especially  the  boron  carbides. 

f-or  comparison  with  other  thermoelec- 
tric materials,  a  given  material  is  usually 
characterized  by  the  thermoelectric  fig- 
ure of  merit,  Z,  which  is  given  by  Z  =  S2  al 
k,  where  S  =  the  Seebeck  coefficient,  o 
=  the  electrical  conductivity,  and  k 
=  the  thermal  conductivity.  Another 
useful  quantity  is  ZT,  where  T  =  the  ab- 
solute temperature.  As  ZT  increases,  so 
does  the  efficiency  of  thermoelectric 
energy  conversion. 

According  to  the  theory,  charge  trans- 
port in  a  narrow-band  semiconductor  can 
occur  by  the  hopping  of  small  polarons  be- 


tween lattice  sites,  with  the  assistance  of 
multiple  phonons.  The  resulting  charge 
mobilities,  and  therefore,  the  electrical 
conductivities,  increase  with  temperature. 
If  the  polarons  hop  between  sites  that  are 
roughly  equivalent  in  energy,  the  Seebeck 
coefficient  should  remain  approximately 
independent  of  temperature. 

In  a  disordered  small-polaron  material 
with  charge  carriers  hopping  between  in- 
equivalent  sites,  the  charge  carriers  can 
transport  vibrational  energy,  which  would 
give  rise  to  an  increase  in  the  Seebeck 
coefficient  with  temperature.  Since  the 
electrical  conductivity  also  increases  with 
temperature,  Z  may  increase  dramatically 
with  temperature.  However,  this  increase 
may  be  restrained  somewhat  by  an  in- 
crease in  the  thermal  conductivity  from  the 
charge-carrier  contribution  to  the  heat 
flow. 

The  materials  of  particular  interest  are 
the  boron  carbides  BXC  in  the  composition 
range  of  4  <  x  <  9,  for  which  S,  o,  and  x 
have  been  measured.  Together  with  the 
Hall  data,  the  thermoelectric  coefficients 
indicate  that  charge  transport  in  these 
materials  involves  the  hopping  of  small 


hole  bipolarons.  The  thermoelectric  prop- 
erties are  not  determined  by  the  composi- 
tion alone;  they  depend  somewhat  on  the 
method  of  preparation  and  the  previous 
thermal  history. 

At  present,  the  best  of  these  materials 
exhibit  ZT  =  1.  It  may  be  possible  to 
achieve  ZT»  1  by  attention  to  impurities, 
doping,  process  temperatures,  and  other 
manufacturing  conditions.  Current  theory 
is  inadequate  to  describe  the  conditions  re- 
quired for  optimum  Z.  Considerable  work  is 
still  necessary  to  relate  the  thermal  and 
electronic  transport  —  especially  the 
identification  of  hopping  centers  —  to  the 
composition  and  crystal  structure. 

This  work  was  done  by  Charles  Wood  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory 

"Boron  Carbides  as  High  Temperature 
Thermoelectric  Materials, " 
NPO-16887  /TN 
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Composites  That 
Exceed  Superalloys  in 
Rupture  Strength 

Ceramic-fiber-reinforced 
iron  alloys  show  promise  as 
turbine  parts  for  intermediate- 
temperature  service. 

Composites  made  of  iron-base  alloys  re- 
inforced with  fibers  of  silicon  carbide  or 
with  boron  carbide  coated  boron  fibers 
have  stress-rupture  strengths  at  a  temper- 
ature of  870  °C  superior  to  those  of  the 
strongest  cast  superalloys,  according  to  a 
report.  The  report  describes  a  study  of  the 
suitability  of  metal-matrix  composites  rein- 
forced with  low-density  fibers  for  use  at  in- 
termediate temperatures  in  gas  turbines. 
Holding  the  service  temperature  to  870  °C 
or  less  is  intended  to  limit  the  reactions  be- 
tween filaments  and  matrices  that  have 
thwarted  use  of  these  composites  at  high 
temperatures  (above  1,000  °C).  The  inter- 
mediate-temperature composites  could 
reduce  the  weights  of  turbine  blades  by 
40  percent  and  would  increase  the  life  ex- 
pectancies of  the  blades. 


In  the  study,  a  relatively-low-tempera- 
ture fabrication  process  —  hollow-cath- 
ode sputtering  —  was  developed.  The 
process  produces  single-filament  compos- 
ites by  depositing  the  iron-base  alloys  on 
B4C  coated  B  fibers  and  SiC  fibers.  The 
temperature  of  the  filaments  did  not  ex- 
ceed 700  °C  during  the  deposition,  and 
scanning-electron  micrographs  showed 
no  evidence  of  chemical  reactions  be- 
tween the  filaments  and  the  deposited  ma- 
trix metals. 

The  1,000-hour  rupture  strength  at 
870  °C  projected  for  a  composite  filament 
consisting  of  50  percent  (by  volume)  of  B4C 
coated  B  fiber  and  a  coat  of  iron-base  alloy 
is  66  ksi  (455  MPa)  —  30  percent  greater 
than  that  of  single-crystal  CMSX-2  superal- 
loy.  Even  more  impressive,  the  ratio  of  the 


rupture  strength  to  the  density  under  the 
same  conditions  is  twice  that  of  CMSX-2. 
This  work  was  done  by  Donald  W. 
PetrasekofLsvAs  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-87223  -Compatibility 

and  Strength  of  Iron  Alloy-Coated  SiC  and 
B4C-Boron  Fibers  at  870  °C " 
LEW-14594  /TN 
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Electron  Beam  "Writes"  Silicon  on  Sapphire 

Micron-wide  lines  are  formed. 


A  method  of  growing  silicon  on  a  sap- 
phire substrate  uses  a  beam  of  electrons 
to  aid  the  growth  of  the  semiconductor  ma- 
terial. The  silicon  forms  as  an  epitaxial  film 
in  precisely  localized  areas  in  micron-wide 
lines.  The  method  therefore  is  a  promising 
fabrication  method  for  fast,  densely- 
packed  integrated  circuits. 

The  conventional  way  of  growing  epitax- 
ial films  of  silicon  on  silicon  or  sapphire  is 
by  the  chemical-vapor  deposition  (CVD)  of 
silane  at  essentially  atmospheric  pressure 
(1.013  x  105  Pa)  in  a  reactor  at  a  tempera- 
ture of  700  to  1,000  °C.  Silicon  precipitates 
from  the  silane  vapor,  uniformly  coating  the 
entire  sapphire  substrate. 

The  new  process  depends  upon  the  ef- 
fect of  substrate  cleanliness  on  CVD  at 
silane  pressures  considerably  below  at- 
mospheric. Silicon  grows  preferentially  on 
contaminated  polycrystalline  alumina  or 
on  contaminated  single  alumina  crystals 
of  various  orientations  and  crystalline 
phases.  Deposition  is  suppressed,  how- 
ever, on  clean  substrates.  The  presence  of 
an  electron  beam  on  a  clean  area  rees- 
tablishes growth  at  essentially  the  same 
rate  that  is  experienced  on  contaminated 
areas  without  the  electron  beam. 

In  the  new  process,  a  clean  sapphire 
substrate  is  prepared  by  electron-beam 
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Silicon  Is  Deposited  preferentially  in  contaminated  substrate  zones  and  in  a  clean  zone  irra- 
diated by  an  electron  beam.  The  electron  beam,  like  the  surface  contamination,  appears  to 
stimulate  the  decomposition  of  the  silane  atmosphere. 


flash  heating  of  an  amorphous-alumina 
film  to  1,250  °C.  (It  may  also  be  possible  to 
clean  the  alumina  without  recrystallization 
to  sapphire  by  heating  for  several  minutes 
or  hours  to  temperatures  between  1,000 
and  1,250  °C.)  The  substrate  is  placed  in  a 
silane  atmosphere  of  0.001  to  100  Pa  and 
heated  to  900  to  1,000  °C.  A  100-keV, 
1-mA/cm2  electron  beam  is  directed  at  the 
sapphire  substrate  in  the  requisite  pattern. 
A  silicon  film  forms  wherever  the  beam 
strikes  (see  figure).  The  thickness  of  the  sili- 


con deposit  grows  at  a  rate  of  the  order  of 
several  nanometers  per  minute. 

This  work  was  done  by  Klaus 
Heinemann  of  Stanford  University  for 
Ames  Research  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  Patent  Counsel,  Ames  Re- 
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Patent  Counsel: 
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Fi re-Resistant,  Plastic-Foam  Airducts 

Polyimide  ducts  are  lighter  and  cheaper  than  aluminum  ducts. 


Polyimide-foam  airducts  are  low  in  cost 
and  light  in  weight.  They  are  relatively  safe 
in  fires  because  they  resist  the  spread  of 
flames  and  generate  little  smoke. 

In  comparison  with  the  conventional  fi- 
berglass-insulated aluminum  ducts,  the 
polyimide-foam  ducts  are  less  expensive  to 
manufacture.  They  are  made  by  a  continu- 
ous casting  process,  whereas  aluminum 
ducts  require  a  labor-intensive  process  of 
metal  forming,  welding,  and  wrapping  with 


a  fiberglass  blanket  containing  a  Tedlar  (or 
equivalent)  polyvinyl  fluoride-film  vapor 
barrier. 

In  comparison  with  polyisocyanurate- 
foam  ducts,  which  are  also  low  in  cost  and 
lightweight,  polyimide  ducts  produce  little 
heat  and  smoke  in  a  fire.  Furthermore,  the 
new  duct  material  forms  a  protective  layer 
of  char  that  impedes  flames. 

The  polyimide  ducts  are  suitable  for 
heating  and  air-conditioning  in  airplanes, 


ships,  trains,  and  buildings.  A  duct  for  a 
DC-10  airplane  was  made  on  the  same 
production  tool  used  for  polyisocyanurate- 
foam  ducts. 

This  work  was  done  by  Souzane  H. 
Tacawy  and  Edward  L.  Trabold  of 
McDonnel  Douglas  Corp.  for  Johnson 
Space  Center.  No  further  documentation 
is  available. 
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Fire-Resistant  Polyamides  Containing  Phosphorus 

Flammability  and  weight  loss  are  reduced. 


Fire-resistant  polymers  have  been  ob- 
tained from  1  -[(dialkoxyphosphonyl)  meth- 
yl] -2,4-  and  -2,6-diaminobenzenes  by  their 
reaction  with  acyl  or  diacyl  halides  of 
higher  functionality.  The  incorporation  of 
compounds  containing  phosphorus  into 
certain  polymers  had  been  shown  previ- 
ously to  increase  fire  retardance.  This  dis- 
covery adds  a  new  class  of  polyamides  to 
the  group  of  such  polymers. 

The  generic  reactions  are  illustrated  in 
the  figure.  First,  a  phosphonylmethyl  ben- 
zene is  nitrated,  then  reduced  by  hydrogen- 
ation  to  obtain  the  diamino  compound  I.  The 
diacyl  compound  II  is  then  reacted  with 
compound  I  to  form  the  polymer  with  re- 
peating units  shown  as  compound  III. 
Compound  I  can  also  be  reacted  with  such 
other  diamines  as  m-phenylenediamine  to 
obtain  a  polymer  with  properties  intermedi- 
ate between  those  of  a  more  conventional 
polymer  and  one  of  the  new  type. 

In  the  figure,  R  represents  an  aromatic, 
alkyl,  or  haloalkyl  group.  Examples  of  R  in- 
clude methyl,  ethyl,  n-propyl,  isopropyl, 
chloroethyl,  and  phenyl.  R'  represents 
any  of  a  variety  of  multivalent,  essential- 
ly hydrocarbon  groups;  for  example, 
-(CH2)4-. 


Thermogravimetric  (weight-loss)  and 
limiting-oxygen-index  (a  measure  of  resis- 
tance to  ignition)  tests  were  performed  on 
several  of  the  new  types  of  polymers  and 
on  similar  polymers  without  the  phosphor- 
us-containing groups.  The  char  yields  or 
limiting  oxygen  indices,  or  both,  of  the  new 
polymers  were  greater  than  those  of  the 
conventional  polymers.  For  example,  a 
polymer  prepared  from  1 -[(diethoxyphos- 
phonyl)  methyl]-2,4-  and  -2,6-diaminoben- 
zenes and  isophthaloyl  dichloride  sus- 
tained a  weight  loss  of  60  percent  in  air  at 
700  °C;  the  related  polymer  without 
phosphorus,  prepared  from  m-phenylene- 
diamine and  isophthaloyl  dichloride,  lost  94 
percent  of  its  weight  under  the  same  condi- 
tions. 

This  work  was  done  by  Demetrius  A. 
Kourtides  of  Ames  Research  Center  and 
John  A.  Mikroyannidis  of  the  National  Re- 
search Council. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to  ARC-11512/TN 

Ames    Research    Ctr. 

Technology   Utilization  Patent  Counsel: 

Officer:  Laurance  Milov  Darrell  G  Brekke 

Mail  Code  223-3  Mail  Code  200-1 1 

Moffett  Field,  CA  94035  Moffett  Field,  CA  94035 

(415)694-6471  (415)694-5104 
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COMPOUND  III  (POLYMER) 

A  Polyamide  Containing  Phosphorus  (com- 
pound III)  is  formed  by  the  reaction  of  dia- 
mino compound  I  and  a  diacyl  halide,  com- 
pound II.  The  incorporation  of  the  groups 
containing  the  phosphorus  increases  the 
fire  resistance  of  the  product.  The  dashed 
line  signifies  that  the  second  amino  group 
can  be  in  the  fourth  or  sixth  position. 
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Fluidized-Bed  Deposition  of  Single-Crystal  Silicon 

A  chemical-vapor-deposition  technique  is  proposed  for  production  of  uniformly  thin  films. 


Uniformly  thin  single-crystal  films  of 
silicon  can  be  produced  by  a  modification 
of  the  fluidized-bed-reactor  technique  that 
now  produces  polysilicon  by  chemical  va- 
por deposition.  The  modified  technique  is 
proposed  for  silicon  wafers  for  flat-plate 
solar  arrays  and  may  result  in  different 
structural  and  electronic  properties  in  the 
deposition  layer  that  would  be  desirable  for 
specific  microelectronic  or  solar-cell  proc- 
essing. 

Currently,  single-crystal  sheets  of  silicon 
are  drawn  from  melted  polycrystalline  sili- 
con particles.  The  particles  are  produced 
in  a  vigorously  agitated,  uniformly  heated 
fluidized  bed  of  silicon  particles  heated  to 
650  °C  in  a  high  concentration  (up  to  100 
percent)  of  silane.  The  reaction  mecha- 
nism involves  heterogeneous  chemical- 
vapor  deposition  and  incorporation  of  fine 
silicon  particles  by  scavenging.  In  this 
case,  the  main  purpose  of  the  fluidized-bed 
reactor  is  to  increase  the  silicon  deposition 
rate  and  thus  decrease  cost. 

In  the  proposed  process  (see  figure), 
deposition  would  occur  on  silicon  wafers, 
kept  individually  at  temperatures  above 
1,000  °C.  The  heated  wafers  would  be  held 
in  an  unheated  and  minimally-agitated- 
fluidized  bed  of  silicon  particles  and  in  a 
low  concentration  of  silane  (less  than  1  per- 
cent in  He). 

In  this  case,  the  primary  purpose  of  the 
fluidized-bed  reactor  is  to  provide  uniform 
mass  and  heat  transfer  for  the  coating  re- 
action. With  good  mixing  and  smoothing 
action  of  the  mildly  bubbling  particles,  a 
uniform  thickness  should  be  obtained.  Be- 
cause of  the  low  silane  concentration,  the 
formation  of  fine  silicon  particles  is  not  ex- 
pected; consequently,  the  reaction  mecha- 
nism would  be  solely  that  of  a  heterogene- 
ous deposition. 

The  high  substrate  temperature  and  the 
use  of  a  single-crystal  substrate  would  en- 
sure single-crystal  epitaxial  deposition. 
Other  advantages  would  lie  in  the  more 
efficient  use  of  chemicals  and  in  higher  de- 
position rates  than  are  possible  in  a  con- 
ventional chemical-vapor-deposition  reac- 
tor. 
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Uniformly  Thin  Silicon  Single-Crystal  Films  would  be  deposited  from  silane  onto  silicon 
single-crystal  wafers  heated  above  1,000  °C  in  a  minimally  fluidized  bed  of  silicon  particles. 


If  successful,  this  deposition  scheme 
could  be  used  as  an  alternative  to  the  con- 
ventional chemical-vapor-deposition  tech- 
nique widely  used  in  microelectronic  dif- 
fusion steps  or  solar-cell  preparations. 
Depending  on  the  deposition  thickness, 
the  product  could  be  either  a  thin  film  for 
direct  device  fabrication  or  a  thick  wafer 
for  advanced  single-crystal  sheet.  This  de- 


position scheme  may  also  be  applicable  to 
GaAs  or  other  materials,  both  as  deposi- 
tion materials  and  as  substrates. 

This  work  was  done  by  George  C.  Hsu 
and  Naresh  K.  Rohatgi  for  NASA's  Jet 
Propulsion  Laboratory.  NPO-16608  /77V 
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Rheological  Tests  of  Shear- 
Thickening-Polymer 
Solutions 

A  vibrational  method  avoids 
thickening  during  measure- 
ment. 


A  report  describes  measurements  of 
the  viscoelastic  properties  of  FM-9,  a 
polymer  being  considered  as  an  antimist- 
ing  agent  for  jet  fuel.  The  purpose  of  the 
agent  is  to  prevent  the  formation  of  a  flam- 
mable fuel  mist  during  an  aircraft  crash. 

FM-9  has  unusual  rheological  proper- 
ties. Its  viscosity  increases  sharply  when  it 
is  subjected  to  a  shear  rate  above  a  critical 
value.  The  material  quickly  forms  a  gel  but 
reverts  to  its  original  consistency  after  the 
shearing  ceases  (a  characteristic  known 
as  antithixotropic  behavior). 

The  report  covers  a  study  of  FM-9  in  jet 
fuel  under  small  oscillating  shear  deforma- 
tions. This  kind  of  shear  was  chosen  in  the 
belief  that  the  disturbance  to  the  polymer 
chain  would  be  too  small  to  provoke  an 
interchain  association  process  and  conse- 
quent gelling.  The  linear  viscoelastic  re- 


sponse of  the  antimisting  polymer/fuel 
solution  could  then  be  measured  and  com- 
pared with  that  of  other  dilute  polymer  solu- 
tions. Conventional  testing  apparatuses,  in 
contrast,  tend  to  cause  gelling  and  make 
measurements  at  or  above  the  critical 
shear  rate  difficult  or  impossible. 

Measurements  were  made  in  a  multi- 
ple-lumped-resonator apparatus  over  the 
frequency  range  from  103  to  6,100  Hz  at 
polymer  concentrations  from  2.42  to 
5.22  g/L  and  temperatures  from  1  to35°C. 
Solutions  were  compared  with  and  without 
a  carrier  —  a  mixture  of  low-molecular- 
weight  glycol  and  an  amine  —  that  aids 
the  mixing  of  the  polymer  with  the  fuel. 

As  expected,  there  was  no  antithix- 
otropic behavior  under  small  oscillatory 
deformations,  and  values  could  be  deter- 
mined for  the  number-average  maximum 


relaxation  time  as  a  function  of  tempera- 
ture, concentration,  and  presence  of  a  car- 
rier. The  number-average  molecular 
weight  could  also  be  determined.  The 
results  are  consistent  with  the  hypothesis 
that  when  the  molecules  are  extended  by 
high  shear  rates,  intramolecular  forces 
break  down  and  intermolecular  forces 
develop,  causing  the  observed  increase  in 
viscosity  and  eventual  gelation. 

This  work  was  done  by  Robert  F  Landel, 
Soren  Hvidt,  and  John  D.  Ferry  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

"Oscillatory 
Measurements  of  Linear  Viscoelastic 
Properties  of  Shear-Thickening  Polymer 
Solutions,"  NPO-16778/TN 
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Solidification-Rate  Effects 
in  MAR-M-246  +  Hf  Alloy 

Under  slower  solidification, 
the  primary-dendrite-arm 
spacing  increases. 

A  report  discusses  experiments  on  the 
influence  of  solidification  rates  on  the 
crystallographic  orientation  and  mechani- 
cal properties  of  the  superalloy  MAR-M- 
246  +  Hf.  Specimens  were  grown  in  a  di- 
rectional-solidification furnace,  visually 
examined  (by  photography  after  polishing 
and  etching)  for  microstructure,  and 
stretched  to  failure  in  a  tensile-testing 
machine.  Back-reflection  Laue  x-ray 
photographs  were  taken  to  determine 
growth  orientations. 

The  single-crystal  samples  all  lay  within 
45  °  of  the  (001)  orientation.  The  anisotropy 
of  directionally  solidified  specimens  was 
shown  by  the  change  in  the  shape  of  ten- 
sile-tested samples  from  round  to  oval. 
Single-crystal  samples  did  not  distort  as 
much  as  directionally  solidified  polycrystal- 
line  samples. 


The  spacing  of  the  primary  dendrite 
arms  was  plotted  as  a  function  of  the 
solidification  rates  at  which  they  were 
formed,  and  the  data  were  fitted  to  several 
different  equations.  "Ihe  data  and  equa- 
tions appear  to  agree  qualitatively  with 
those  of  previous  investigators  in  that  the 
spacing  decreases  with  increasing  solidifi- 
cation rate  in  directionally  solidified 
superalloys. 

The  major  factors  influencing  the 
mechanical  properties  in  directionally 
solidified  and  single-crystal  samples  were 
found  to  be  the  preferred  (001)  orientation 
and  the  solidification  rate.  Slower  rates 
allowed  the  dendrites  to  form  in  uniform 
patterns  and  facilitated  growth  near  the 
(001)  orientation,  with  some  samples  form- 
ing single  crystals. 

777/s  work  was  done  by  David  Hamilton 


of  Marshall  Space  Right  Center.  Further 
information  may  be  found  in  NASA 
TM-82558  [N84-14290/NSP],  "Solidifica- 
tion Rate  Influence  on  Orientation  and  Me- 
chanical Properties  of  MAR-M-246  +  Hf. " 
Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A02]  MFS-27057  /TN 
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Steels  for  Rolling- 
Element  Bearings 


Bearing  lives  have  been 
increased  by  attention  to 
details  of  processing 
and  applications. 

A  NASA  technical  memorandum  dis- 
cusses the  selection  of  steels  for  long-life 
rolling-element  bearings.  Improvements  in 
the  manufacture  of  steels  have  made  it 
possible  to  increase  bearing  lives  by  a  fac- 
tor of  100  over  those  available  in  the  year 
1940.  To  exploit  this  potential  for  long  life  in 
a  particular  application,  it  is  necessary  to 
integrate  considerations  of  the  effects  of 
manufacturing  processes  on  performance 
into  the  selection  of  the  bearing  steel. 

After  a  brief  review  of  advances  in  man- 
ufacturing, the  report  discusses  the  effect 
of  the  cleanliness  of  the  bearing  material 
on  fatigue  in  a  rolling  element.  One  mode 
of  fatigue  is  due  to  nonmetallic  inclusions 
that  act  as  stress  concentrators.  Under  re- 
peated cyclic  stress,  incipient  cracks  ema- 
nate from  such  inclusions,  enlarging  into  a 
network  of  cracks  that  form  a  fatigue  spall 
or  pit.  To  increase  the  reliability  or  load- 
bearing  capacity  of  the  rolling  element,  the 
concentration  of  undesired  impurities  can 
be  reduced  through  such  manufacturing 
processes  as  vacuum  melting  (to  remove 
gases)  and  remelting  (to  remove  solid  im- 
purities) and  by  ultrasonic  inspection  to 
detect  inclusions. 

The  fatigue  life  is  affected  profoundly  by 
the  hardness  of  the  bearing  material, 
which  in  turn  is  affected  by  conditions  in 
service  and  by  the  heat  treatment,  compo- 
sition, and  other  characteristics  of  manu- 


facture. The  life  of  a  system  of  rolling  ele- 
ments can  be  predicted  as  a  function  of  the 
operating  temperature  and  of  the  hard- 
ness of  the  particular  material  at  room  tem- 
perature. Other  hardness  considerations 
that  affect  fatigue  lives  include  the  relative 
hardnesses  of  balls  and  races  and  differ- 
ences in  hardness  among  different  balls 
running  around  the  same  race.  In  general, 
for  a  bearing  that  must  operate  at  high  tem- 
perature, care  should  be  taken  to  match 
the  hardnesses  of  the  rolling  elements  and 
raceways  while  maintaining  the  highest 
hardness  of  all  components. 

Carbides  that  do  not  go  completely  into 
solution  during  austenitizing  affect  fatigue 
lives.  Called  "residual  carbides,"  they  ap- 
pear to  act  as  nucleation  sites  for  incipient 
fatigue  failure.  An  empirical  carbide  factor 
gives  a  reasonable  prediction  of  the  rela- 
tive life  under  identical  conditions  of  ma- 
terial hardness  and  lubrication  mode. 

Fatigue  lives  can  be  increased  by  con- 
trol of  the  fibrous  pattern  of  flow  of  material 
during  forging.  For  example,  when  the  fi- 
bers are  along  a  race,  the  fatigue  life  is 
greater  than  when  the  fibers  run  across  the 
race. 

A  compressive  residual  stress  at  the 
depth  of  the  maximum  shearing  stress  can 
decrease  the  maximum  shearing  stress. 
Thus,  the  lives  of  bearings  can  be  in- 
creased by  prestressing.  For  example,  a 


ball-bearing  inner  race  can  be  prestressed 
by  initially  running  the  bearing  during  a  pre- 
scribed number  of  cycles  at  a  specified 
load. 

The  effects  of  retained  austenite  are 
complicated.  Retained  austenite  is  gener- 
ally associated  with  hardness,  but  it  can 
also  transform  to  martensite  and  cause  di- 
mensional instability. 

Finally,  the  report  discusses  the  fracture 
toughnesses  of  through-hardened  and 
case-hardened  materials.  The  fracture 
toughness  of  a  steel  is  inversely  propor- 
tional to  the  carbon  content  and  to  the 
hardness.  The  fracture  toughness  can  be 
increased  by  the  addition  of  nickel. 

This  work  was  done  by  Erwin  V.  Zaretsky 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-88881 
[N 87-11 993/NSP],  "Selection  of  Rolling- 
Element  Bearing  Steels  for  Long-LJfe  Appli- 
cation. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
[A05]   LEW-14546 /TN 
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Thermal  Response  of 
Composite  Insulation 

An  engineering  model  gives 
useful  predictions. 

A  pair  of  reports  presents  theoretical 
and  experimental  analyses  of  the  thermal 
responses  of  multiple-component,  light- 
weight, porous,  ceramic  insulators.  Al- 
though the  particular  materials  examined 
were  destined  for  use  in  the  Space  Shuttle 
thermal  protection  system,  the  test  meth- 
ods and  heat-transfer  theory  will  be  useful 
to  chemical,  metallurgical,  and  ceramic 
engineers  who  need  to  calculate  the  tran- 
sient thermal  responses  of  refractory 
composites. 

The  bulk  materials  studied  were  mix- 
tures known  as  fibrous  refractory  com- 
posite insulation  (FRCI),  consisting  mostly 
of  oriented  silica  and  aluminoborosilicate 
fibers.  A^wide  range  of  properties  can  be 
obtained  by  varying  the  proportions  of  the 
different  types  of  fibers;  for  example,  the 
addition  of  alumina  reduces  the  shrinkage 
at  high  temperature,  but  it  also  reduces 
the  tensile  strength.  An  integrated  insulat- 
ing tile  with  low  shrinkage  at  high  temper- 
atures might  be  made  by  bonding  an  alu- 
mina-enhanced layer  to  the  front  surface 
of  a  block  of  FRCI. 


The  thermal  responses  of  the  compos- 
ite insulators  were  calculated  from  an  en- 
gineering model  described  in  detail  in  one 
of  the  reports.  In  the  model,  interlocking 
walls  of  fibers  form  cubic  pores.  The  pore 
size,  effective  fiber  diameter,  and  other 
model  parameters  are  defined,  using  gov- 
erning equations,  from  the  composition 
and  the  physical  and  mechanical  proper- 
ties of  the  corresponding  real  composite 
material.  The  weak  and  strong  directions 
of  the  composite  are  determined  by  ten- 
sile-strength measurements.  In  the  model, 
the  number  of  fibers  under  load  within  the 
walls  of  the  model  in  a  given  direction  is 
set  proportional  to  the  strength  in  that 
direction.  It  is  important  to  incorporate  this 
anisotropy  into  the  model  because  the 
thermal  conductivity  is  higher  in  the 
strong  direction  than  in  the  weak  direc- 
tion. 

The  effective  thermal  conductivity  is 
calculated  as  a  weighted  sum  of  solid, 
gaseous,  and  radiant  components.  The 
weighting  parameters  of  the  sum  take  into 
account  the  rule  of  mixtures  and  the  cor- 


rections for  the  variations  in  fiber  bonding 
and  optical  properties  of  each  composite. 

Insulator  samples  were  assembled  into 
flat-face,  40  °-half-angle  cones  and  were 
instrumented  with  thermocouples  at  vari- 
ous depths.  To  simulate  a  spacecraft  re- 
entry heat  pulse,  the  cores  were  exposed 
to  arc-heated  airjets  for  300  s,  followed  by 
cooling  for  600  s  in  a  vacuum  of  190  yrr\ 
Hg  (25  Pa).  The  engineering-model  predic- 
tion of  temperature  as  a  function  of  time 
agreed  closely  with  the  thermocouple 
measurements. 

This  work  was  done  by  David  A. 
Stewart,  Daniel  B.  Leiser,  and  Marnell 
Smith  of  Ames  Research  Center  and 
Paul  Kolodziej  of  Informatics,  Inc. 
"Thermal  Response  of  Integral  Multicom- 
ponent  Composite  Thermal  Protection 
Systems"  and  "Characterization  of 
Thermal  Conductivity  for  Fibrous 
Refractory  Composite  Insula tbns," 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11680/TN 


Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 


Patent  Counsel: 
Darrell  G  Brekke 
Mall  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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DIFFERENTIAL  MECHANICAL  PROPERTIES  MICROPROBE 


Key  words:  Microcontact;  microprobe;  thin-film 
testing;  micromachining;  wear  controi;  electrical 
characterization;  integrated  circuits 


The  Differential  Mechanical  Properties 
Microprobe  (DMPM)  solves  the  problem  of 
measuring  very  small  contact  areas  and  can 
measure  stiffness  of  thin-film  surfaces 
continuously.  The  DMPM  was  developed  at  ORNL 
to  characterize  the  mechanical  and  electrical 
properties  of  thin  films  (as  thin  as  50  nm),  small 
volumes  (as  small  as  10"3  nm3)  and  small 
contacts  (as  small  as  10"2  nm2).  This  powerful 
and  convenient  device  yields  continuous 
information  formerly  available  only  by  interrupting 
the  test  and  unloading  the  contact. 

Characterizing  contact  processes  is 
fundamentally  important  to  many  technologies. 
The  actual  contact  area  between  two  bodies 
must  be  known  if  any  other  aspect  of  the 
contact  process  is  to  be  understood.  This 
measurement  is  not  always  straightforward, 
particularly  if  the  contact  area  is  smaller  than 
100  Mm  >n  diameter.  The  DMPM  uses  unique 
vibrational  techniques  (very  small  oscillatory 
mechanical  excitation  and  ac  signal-handling 
techniques)  to  measure  the  elastic  stiffness  of  a 
contact  continuously  as  the  contact  area  changes 
(Fig.  1).  The  stiffness  of  a  contact  is  proportional 
to  the  composite  modulus  of  the  two  bodies  in 
contact  and  to  the  square  root  of  the  contact 
area.  Thus,  both  stiffness  and  contact  area  are 
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Fig.  1.  Schematic  of  the  DMPM  system. 


measured  continuously  and  simultaneously  using 
the  DMPM. 

The  DMPM  has  several  practical  applications  in 
thin-film  industries: 

*  localized  electrical  characterization  of  surfaces; 

*  characterization  of  interfaces  in  composite 
materials; 
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direct  micromachining  of  thin  plastic  films  to  W.  C.  Oliver  et  al.,  "Measurement  of  Hardness  at 

make  lithographic  masks  for  custom  submicron  Indentation  Depths  as  Low  as  20  Nanometres,"  pp.  90- 108  f 

in  Microindentation  Techniques  in  Materials  Science  and  ~ 
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D.  B.  Marshall  and  W.  C.  Oliver,    Measurement  of  Interfacial 
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Composites,"  J.  Am.  Ceram.  Soc.  70.  542-48  (August 
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scratch  testing,  hardness  testing,  and  modulus 

determination. 
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SIGMAJIG:  A  WELDABILITY  TEST  DEVICE 


Key  words:  Metals  joining;  welding;  weldability; 
fissuring;  hot  cracking 


Hot  cracking,  also  known  as  fissuring,  is  a 
problem  that  affects  the  weldability  of  many 
metallic  materials.  Stainless  steels,  superalloys, 
aluminum-  and  copper-based  alloys,  and 
numerous  more-exotic  formulations  are  all 
susceptible.  By  accepted  definition,  hot  cracking 
occurs  during  welding  in  the  presence  of  liquid 
films  at  temperatures  near  the  melting  point. 
Sigmajig  ranks  the  hot-cracking  sensitivity  of 
weldable  materials  on  a  class-by-class,  type-by- 
type,  and  heat-by-heat  basis  (Fig.  1). 

Studies  of  hot  cracking  constitute  a  major 
segment  of  the  welding  technical  literature. 
Sigmajig  was  developed  to  overcome  many  of 
the  disadvantages  of  existing  tests  and  to  provide 
a  quantitative  index  of  cracking  sensitivity.  The 
two  most  commonly  used  tests  were  introduced 
in  the  1960s,  and  both  use  the  principle  of 
augmenting  strain  during  welding  to  exaggerate 
cracking.  Neither  is  usable  on  material  less  than 
about  3  mm  thick.  Sigmajig  has  reliably  tested 
materials  as  thin  as  0.25  mm  (0.01  in.).  The 
three  existing  thin-sheet  tests  rely  on  self- 
imposed  restraint  and  are  at  best 
semiquantitative.  Sigmajig  is  unique  in  that  it  can 
be  used  to  establish  an  acceptance  standard  (for 
a  given  set  of  welding  conditions)  that  can  be 
applied  universally. 


The  fixture  holds  small  (50-  by  50-mm) 
samples  that  are  loaded  and  monitored  by 
strain-gaged  bolts  (Fig.  2).  It  has  successfully 
tested  various  processes  (including  gas  tungsten 
arc,  electron  beam,  and  laser  welding)  and  can  be 
used  to  assess  cracking  response  as  a  function 
of  several  variables  (including  alloy  type, 
composition,  welding  parameters,  and  welding 
process). 

The  development  of  Sigmajig  is  continuing  as 
is  its  application  to  other  materials  and  welding 
processes.    Its  success  to  date  indicates  potential 
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Fig.  1.  Sigmajig  cracking  stress  value*  for  a  variety 
of  metals. 
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Fig.  2.  The  Sigmajig  device. 
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use  in  several  areas.  Its  ability  to  rank  heats  of  a 
specific  alloy  suggests  a  quality  control  function, 
and  the  sensitivity  to  welding  parameters  should 
permit  development  of  detailed  welding 
procedures  to  avoid  cracking  and  optimize 
production.  More  fundamentally,  the  precision 
attainable  with  the  test  will  make  it  useful  as  a 
research  tool  for  studying  the  basic  mechanisms 
of  hot  cracking. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192;  FTS  624-4192 

G.  M.  Goodwin,  "Development  of  a  New  Hot-Cracking 
Test — The  Sigmajig,"  Weld.  J.  66(2),  33-S-38-S  (February 
1986). 
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ULTRASONIC  TECHNIQUES  FOR  THE  EVALUATION  OF  CERAMIC  JOINTS 


Key  words:  Ceramics;  ultrasonic  techniques; 
ceramic-ceramic  bonds;  ceramic-metal  bonds; 
brazing;  nondestructive  testing 


The  excellent  high-temperature  properties  and 
light  weight  of  structural  ceramics  make  them 
likely  choices  for  use  in  advanced  engine  designs. 
However,  standard  nondestructive  evaluation 
(NDE)  techniques,  developed  to  test  metals, 
cannot  detect  the  small  flaws  that  weaken 
structural  ceramics  and  ceramic  joints. 
Researchers  in  the  Metals  and  Ceramics  Division 
at  ORNL  have  developed  ultrasonic  NDE 
techniques  for  testing  the  integrity  of  ceramics 
and  of  ceramic-metal  and  ceramic-ceramic  joints. 

Unlike  metals,  ceramics  require  high-frequency 
050-MHz),  focused  incident  radiation  to  ensure 
that  enough  radiation  is  intercepted  to  detect 
internal  flaws.  The  use  of  focused  radiation 
propagating  through  the  specimen  surface  causes 
severe  spherical  aberration  of  the  ultrasonic  beam 
and  limits  to  a  few  millimeters  the  depth  at  which 
flaws  can  be  detected.  Within  these  constraints, 
the  researchers  had  considerable  success  in 
detecting  critical  flaws,  and  a  technique  was 
developed  to  correct  for  all  material-independent 
signal  attenuation  for  any  ceramic. 

The  braze  layer  of  a  ceramic-metal  bond  is 
typically  on  the  order  of  60  nm  thick.  This  layer 
can  be  inspected  by  interrogating  the  bond  with 
frequencies  sufficiently  high  (=100  MHz)  to 
resolve  the  layer  thickness.  This  approach  was 


used  to  test  the  bonding  in  a  transition  joint 
between  a  ceramic  (partially  stabilized  zirconia) 
cap  brazed  to  a  nodular  cast-iron  disk,  with  an 
intermediate  layer  of  titanium.    Apparent 
nonbonding  sites  on  the  ceramic  side  of  the 
braze  interlayer  were  detected  (Fig.  1)  and  were 
verified  when  the  sample  was  cut  open. 

A  technique  using  Lamb  waves  was  used  to 
test  ceramic-ceramic  bonds.  Two  transducers 
were  used:  the  first  launches  a  Lamb  wave  in 
either  plate  of  the  specimen,  and  the  second 
receives  the  wave  in  the  other  plate  after 
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Fig.  1.  Gray-scale  presentation  of  focused  ultrasonic 
transmission  through  a  partially  stabilized  zirconia  cap 
brazed  to  a  nodular  cast-iron  disk  via  a  titanium 
transition  piece.  Lighter  areas  indicate  good  bonding. 
The  dark  area  near  the  center  is  completely 
unbonded. 
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propagation  through  the  joint.  The  amplitude  of 
the  received  wave  is  an  indicator  of  the  condition 
of  the  bond  region  between  the  transducers 
(Fig.   2).  This  system  easily  detected  a  simulated 


Fig.  2.  Lamb  wave  transmission  through  a  ceramic- 
ceramic  bond,  showing  a  small  indication  near  the 
center  of  the  bond.  Lamb  waves  are  sensitive  to  some 
characteristics  of  these  braze  joints  that  conventional 
nondestructive  tests  do  not  detect. 


nonbond  and  sample  irregularities  missed  by 
other  techniques. 

High-frequency  ultrasonic  techniques  may  be 
further  refined  to  measure  the  bonding  material 
alone  and  estimate  the  strength  of  the  bond,  in 
addition  to  NDE  techniques  for  ceramic-ceramic 
and  ceramic-metal  bonds. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192;  FTS  624-4192 

W.  A.  Simpson  and  R.  W.  McClung,  Ultrasonic  Techniques 
for  the  Evaluation  of  Ceramic  Joints,  ORNL-6350,  Oak  Ridge 
National  Laboratory  (April  1 987). 
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Information  On  Microorganisms  Available 


Information  about  various  micro- 
organisms, including  bacteria, 
protozoa,  some  fungi,  and  al- 
gae, can  now  be  obtained  from 
two  different  sources,  the  Micro- 
bial Information  System  (MICRO- 
IS)  and  the  Microbial  Strain  Data 
Network  (MSDN). 

The  MICRO-IS  system,  which 
is  funded  by  the  Food  and  Drug 
Administration,  the  Microbial 
Systematics  Section  of  the  Na- 
tional Institute  of  Dental 
Research,  the  Environmental 
Protection  Agency,  and  the  Na- 
tional Science  Foundation,  is 
located  at  the  National  Institutes 
of  Health.  Researchers  can  use 
this  computer  system  for  effi- 
cient storage,  retrieval,  and  anal- 
ysis of  information  about  the 
microorganisms. 

The  computer  system  con- 
tains data  about  the  morphology 
physiology,  biochemistry,  genet- 


ics, serology,  ecology,  nomencla- 
ture, and  pathogenicity  of  more 
than  100,000  strains  of  micro- 
organisms 

A  very  important  feature  of  the 
computer  software  is  a  program 
for  probabilistic  identification 
that  helps  investigators  identify 
unknown  microorganisms  by 
comparing  the  data  they  have  to 
statistical  information  in  the  com- 
puter files.  Another  important 
aspect  of  the  software  is  that 
new  data  on  microorganisms 
can  be  added  easily  and  addi- 
tional data  formats  can  be  cre- 
ated for  individual  needs  without 
changing  the  original  data  for- 
mats. Researchers  can  also  use 
the  computer  software  to  gener- 
ate reports  and  perform  statisti- 
cal analyses. 

The  system  is  available  online 
to  federal  government  facilities. 
Other  researchers  interested  in 


using  the  system  must  set  up  a 
collaborative  project  with  a  gov- 
ernment facility 

Because  of  the  large  number 
of  researchers  who  want  t6  use 
this  system  but  are  unable  to 
install  it  because  of  lack  of  local 
facilities  or  noncompatible  com- 
puters, the  MICRO-IS  research- 
ers are  writing  a  microcomputer 
version  of  the  software  Accord- 
ing to  Dr.  Micah  I.  Krichevsky, 
chief  of  the  Microbial  System- 
atics Section,  the  microcomputer 
programs  will  have  all  of  the  fea- 
tures of  the  original  programs 
and  much  more,  including  the 
capability  to  control  computer 
screens.  The  first  version  of  the 
software  may  be  available  in  the 
spring  of  this  year. 

Many  of  the  computer  pro- 
grams developed  for  the 
MICRO-IS  are  currently  being 
used  for  the  Hybridoma  Data 


Dr.  Donna  Maglott  of  the 
American  Type  Culture 
Collection  uses  the  Microbial 
Information  System  for  storage, 
retrieval,  and  analysis  of 
information  about 
microorganisms.  The  computer 
system,  which  is  located  at  the 
National  Institutes  of  Health, 
contains  data  about  the 
morphology,  physiology, 
biochemistry,  genetics,  serology, 
ecology,  nomenclature,  and 
pathogenicity  of  more  than 
100,000  strains  of 
microorganisms. 
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Bank  at  the  American  Type  Cul- 
ture Collection  in  Rockville, 
Maryland.  This  data  base  de- 
scribes monoclonal  antibodies 
and  the  hybridomas  that  pro- 
duce them. 

The  Microbial  Strain  Data  Net- 
work (MSDN)  differs  from  the 
MICRO-IS  in  that  the  MSDN  is  a 
communications  network,  not  a 
data  management  system.  The 
MSDN,  an  international  informa- 
tion network,  is  supported  by  the 
Commission  of  the  European 
Community,  the  United  States 
National  Science  Foundation,  the 
United  Nations  Environment  Pro- 
gram, the  American  Type  Culture 
Collection,  and  the  National 
Institute  of  Dental  Research. 

The  MSDN  was  created  to 
conserve  microbial  resources. 
Many  investigators  and  institu- 
tions have  various  microorga- 
nism strains  and  information 
pertaining  to  these  organisms, 
but  the  information  is  not  always 
easily  accessible  to  other  scien- 
tists. The  creation  of  the  MSDN, 
a  central  network  storing  infor- 
mation on  the  location  of  micro- 
organisms, allows  interested 
researchers  in  many  different 
countries  to  easily  locate  data  on 
microbial  strains  of  interest.  The 
MSDN  also  helps  to  eliminate 
repeated  or  unnecessary  reiso- 
lation  of  strains  from  natural 
sources. 

By  using  the  MSDN,  which 
incorporates  data  from  various 
individuals  and  institutions  who 
are  willing  to  share  their  informa- 
tion with  other  scientists,  re- 
searchers can  locate  data  on 
microorganisms,  isolated  cells, 
hybrid  fusion  products,  and 
cultured  cell  lines. 

Investigators  interested  in 
using  the  MSDN  must  first  con- 
tact the  secretariat  in  Cam- 
bridge, England,  that  is  in 
charge  of  the  system.  The  re- 
searchers will  receive  informa- 
tion on  how  to  access  the  central 


computer  network,  available 
commercially  through  Dialcom. 
After  accessing  the  system  the 
investigators  query  the  central 
computer  system,  which  is 
menu-driven  and  easy  to  use.  for 
information  on  collections  that 
are  likely  to  have  a  particular 
microbial  strain  or  a  strain  with  a 
particular  function.  If  the  com- 
puter has  information  about  this 
particular  type  of  strain,  it  tells 
the  investigator  which  individ- 
uals or  collections  are  likely  to 
have  the  strain.  Actual  laboratory 
findings  are  not  listed  in  the 
computer  files.  The  investigator 
can  then  contact  the  individual 
or  collection  directly  to  obtain 
detailed  data  or  the  strain  itself. 
Approximately  60  different 
countries  are  currently  con- 
nected to  the  MSDN  system. 
Researchers  can  access  the 
central  network  via  computer-to- 
computer  hookups,  mail,  telex, 
or  telephone;  they  are  charged 
only  for  the  computer  time  they 
use. 


For  more  information  about  the 

MICRO-IS  contact: 

Dr.  Micah  I.  Krichevsky 

Microbial  Systematics  Section 

National  Institute  of  Dental 

Research 

Westwood  Building 

Room  533 

National  Institutes  of  Health 

Bethesda,  Maryland  20892 

Telephone:  (301)  496-9750 

For  more  information  about  the 
MSDN  contact: 
MSDN  Secretariat 
Biotechnology  Centre 
Cambridge,  University 
307,  Huntingdon  Road 
Girton,  Cambridge  CB3  OJX 
UK 

Electronic  mail:  Dialcom 
142:CDT0001 
Telephone:  (0223)277502 
Telex:  4909975000CDT  Ul 
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Protein  Data  Bases  Available 


Some  proteins  may  be  present 
only  in  certain  types  of  cells, 
others  may  be  present  only  at 
certain  times  during  the  cell 
cycle  or  during  specific  experi- 
mental or  natural  growth  condi- 
tions. Extensive  information  on 
the  occurrence  and  properties 
of  cellular  proteins  can  be  ac- 
cessed from  two  data  bases 
available  at  the  quantitative 
electrophoresis  standardized 
(QUEST)  facility  located  at  the 
Cold  Spring  Harbor  Laboratory 
in  Cold  Spring  Harbor,  New 
York. 

The  principal  data  base  avail- 
able from  QUEST,  which  is  sup- 
ported by  the  Biomedical  Re- 
search Technology  Resources 
Program  of  the  NIH  Division  of 
Research  Resources,  has  been 
constructed  from  studies  per- 
formed with  normal  and  viral ly 
transformed  derivatives  of  the 
REF52  rat  cell  line.  The  second 
data  base  contains  information 
about  proteins  from  yeast  cells. 
Other  data  bases  are  being 
started  with  information  from 
studies  of  transformed  mouse 
and  human  cells  and  from 
studies  on  human  and  mouse 
genetics. 

According  to  Dr.  James  I. 
Garrels,  senior  staff  scientist  at 
the  Cold  Spring  Harbor  facility, 
researchers  can  obtain  a  much 
better  look  at  the  cells  they  are 
studying  than  ever  before  by 
using  the  available  data  bases. 

The  computer-accessible  data 
bases  are  designed  to  contain 
quantitative  information  on  cellu- 


lar proteins  associated  with  a 
wide  range  of  biological  proc- 
esses such  as  differentiation, 
development,  growth  regulation, 
and  cellular  transformation.  The 
data  bases  can  also  provide 
descriptive  information  about 
many  of  the  proteins,  including 
their  names,  literature  citations, 
known  modifications,  and  func- 
tions. 

The  majority  of  the  information 
in  the  data  bases  is  derived  from 
two-dimensional  isoelectric 
focusing/electrophoresis.  The 
Cold  Spring  Harbor  researchers 
have  developed  a  specialized 
laboratory  to  quantitatively  ana- 
lyze two-dimensional  gel  electro- 
phoresis patterns.  The  gels  have 
been  specially  formulated  to 
routinely  provide  high  resolution 
and  reproducibility. 

The  individual  proteins,  which 
have  been  radioactively  marked, 
are  detected  as  numerous  spots 
by  exposing  the  gel  to  a  film, 
which  is  then  mechanically 
scanned;  the  images  are  ana- 
lyzed by  comparing  the  pattern 
of  the  protein  spots  with  the  pat- 
terns obtained  in  other  experi- 
ments. During  the  analysis,  each 
individual  protein  is  quantified 
and  the  information  is  entered 
into  the  laboratory  computer 
system,  the  QUEST  data  base. 

The  QUEST  computer  soft- 
ware includes  image  acquisition 
and  preprocessing,  spot  detec- 
tion and  quantitation,  pattern 
matching,  user  editing,  and  data 
base  analysis.  The  software 
enables  the  researchers  to  look 


in  depth  at  the  proteins  detected 
in  each  gel,  comparing  them  to 
the  data  base  to  determine  how 
they  were  affected  in  each  of  the 

Currently,  the  rat  protein  data'' 
base  contains  information  on 
approximately  2,000  different 
proteins  that  range  in  molecular 
weight  from  20,000  to  130,000 
and  have  an  isoelectric  pH 
range  of  4  to  7.5.  The  Cold 
Spring  Harbor  researchers  be- 
lieve this  may  be  only  a  third  of 
the  proteins  actually  present  in 
this  range.  "Most  of  the  proteins 
on  the  two-dimensional  gels  are 
unknown,  but  that  picture 
changes  rapidly  as  the  data 
bases  are  built,"  Dr.  Garrels 
says.  "With  a  number  of  different 
investigators  contributing  infor- 
mation about  different  proteins, 
we  can  identify  a  lot  more  of  the 
spots  and  we  can  attribute  other 
information  to  each  one." 

Researchers  interested  in 
analyzing  rat,  mouse,  or  yeast 
proteins  are  asked  to  contact 
the  Cold  Spring  Harbor  Labora- 
tory. All  samples  accepted  for 
analysis  must  be  run  on  two- 
dimensional  gels  in  the  stand- 
ardized laboratory  to  ensure 
reproducible  results.  Each  gel 
costs  $60.  Researchers  inter- 
ested in  developing  their  own 
data  bases  can  contact  Protein 
Databases  Inc.,  which  can  run 
the  gels  by  the  same  standard- 
ized format  and  can  provide  a 
commercial  version  of  the  soft- 
ware developed  at  Cold  Spring 
Harbor. 

At  the  center,  five  work  sta- 
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tions  are  available  for  protein 
analysis.  Each  station  consists 
of  a  computer  with  a  color  moni- 
tor. Statistics,  graphs,  and  slides 
can  be  prepared  at  the  work  sta- 
tion and  researchers  can  leave 
with  data  that  are  almost  in  pub- 
lishable  form,  Dr.  Garrels  says. 

Eventually  the  in-house  re- 
searchers hope  the  data  bases 
they  are  developing  will  be 
joined  with  other  biological  data 
bases  containing  protein  and 
DNA  sequence  information. 

— Barbara  J.  Proujan 


At  the  quantitative 
electrophoresis  standardized 
(QUEST)  facility  at  Cold  Spring 
Harbor,  senior  staff  scientist  Dr. 
James  Garrels  and  operations 
supervisor  Cecile  Chang,  M.S., 
examine  cellular  proteins  that 
have  been  detected  on  film; 
each  spot  represents  a  protein. 
Patterns  of  protein  spots 
detected  on  one  film  are 
compared  with  those  on  other 
films  and  the  information  is 
entered  into  the  QUEST  data 
base.  One  data  base  available 
at  the  QUEST  facility,  the  rat 
protein  data  base,  contains 
information  on  approximately 
2,000  different  proteins. 


For  more  information  concerning 
the  use  of  the  quantitative  elec- 
trophoresis standardized  data 
base  resource,  contact: 
Cecile  Chang 
Operations  Supervisor 
Cold  Spring  Harbor  Laboratory 
P.O.  Box  100 

Cold  Spring  Harbor,  New  York 
11724 
Telephone:  (516)  367-8806 
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Synchrotron   Radiation   Resource  Available 


High-intensity  synchrotron  radia- 
tion facilities  and  accessory  in- 
strumentation are  available  at 
the  Stanford  Synchrotron  Radia- 
tion Laboratory  (SSRL)  in  Stan- 
ford, California,  to  researchers 
worldwide  who  are  conducting 
experiments  in  physics,  biology, 
medicine,  chemistry,  and  engi- 
neering. 

Several  pulsed,  highly  polar- 
ized and  collimated  beams  of 
synchrotron  radiation  are  emit- 


ted by  electrons  traveling  in  an 
evacuated  storage  ring  at  al- 
most the  speed  of  light.  The  ra- 
diation exists  within  a  broad 
band  that  spans  from  short  X 
rays  to  longer  infrared  rays  of 
the  electromagnetic  spectrum. 
Monochromators  are  used  to  se- 
lect a  particular  wavelength  for 
each  experiment 

Electrons  are  brought  to  high 
speed  in  a  linear  accelerator 
and  then  injected  into  an  evacu- 


ated chamber  that  is  par*" of  the 
storage  ring  Powerful  magnets 
arranged  around  the  chamber 
create  magnetic  fields  that  either 
focus  the  circling  electrons  into 
a  tight  beam  or  bend  them  from 
their  direction  of  travel.  The  tan- 
gential beams  of  synchrotron 
radiation,  produced  wherever 
the  electron  beams  are  bent,  are 
then  channeled  throuah  Dices 
called  beam  lines  to  various  ex- 
perimental stations.  Beam  life- 


Staff  member  Ethan  Merritt 
positions  a  protein  crystal  on  the 
rotation  camera  beam  line  at  the 
Stanford  Synchrotron  Radiation 
Laboratory  (SSRL)  in  Stanford, 
California.  The  high  intensity 
of  the  focused  beam  of 
synchrotron  radiation  is 
monitored  before  reaching  the 
crystal  by  passing  it  through  two 
ion  chambers  located  to  the  left 
of  the  mounted  sample.  The 
beam  strikes  the  crystal  as  it  is 
rotated  and  diffraction  patterns 
are  recorded  on  x-ray  film  packs 
mounted  on  a  carousel  to  the 
right.  The  diffraction  data,  which 
provide  valuable  information 
about  the  structure  of  the 
protein,  can  be  recorded  much 
more  rapidly  and  to  a  higher 
resolution  than  is  possible  using 
a  conventional  x-ray  source. 
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times  average  about  12  hours. 
Magnetic  devices  called  wig- 
glers  and  undulators  inserted  in 
the  storage  ring  generate  even 
brighter  radiation  and  increased 
flux. 

Investigators  at  experimental 
stations  draw  on  the  various 
wavelengths  of  synchrotron  radi- 
ation to  conduct  experiments. 
Nine  beam  lines  at  SSRL  origi- 
nate from  a  4  billion  electron  volt 
(GeV)  storage  ring  called  SPEAR 
and  two  from  a  new  16  GeV  stor- 
age ring  called  PEP  that  is  cur- 
rently the  brightest  source  of  X 
rays  in  the  world.  The  storage 
rings  are  operated  by  the  Stan- 
ford Linear  Accelerator  Center 
(SLAC)  in  conjunction  with  SSRL. 

The  powerful  continuum  of 
x-ray  and  vacuum-ultraviolet 
(VUV)  radiation  in  particular  of- 
fers a  unique  tool  for  basic  and 
applied  research.  According  to 
Dr.  Keith  Hodgson,  associate  di- 
rector for  biotechnology  at  SSRL 
and  professor  of  chemistry  at 
Stanford  University,  the  X  rays 
from  synchrotron  radiation 
sources  are  orders  of  magnitude 
brighter  than  those  from  conven- 
tional or  rotating  anode  x-ray 
tubes.  Through  this  flexible  re- 
source, investigators  can,  for  ex- 
ample, determine  the  three-di- 
mensional structure  of  proteins 
and  viruses,  etch  integrated-cir- 
cuit  elements  much  smaller  than 
is  possible  with  ultraviolet  or  vis- 
ible light  wavelengths,  study  the 
time  evolution  of  a  structural 
change,  and  image  the  blood 
vessels  of  the  human  heart. 

Synchrotron  radiation  allows 
investigators  to  conduct  experi- 
ments rapidly  and  on  very  small 
samples.  The  biotechnology  di- 
vision at  SSRL,  which  receives 
additional  funding  from  the  Bio- 
medical Research  Technology 
Resources  Program  of  the  NIH 
Division  of  Research  Resources, 
provides  resource  capability  for 
experiments  involving  x-ray  dif- 
fraction, small  angle  x-ray  scat- 
tering, x-ray  absorption  spec- 
troscopy using  absorption  and 
fluorescence  detection,  fluores- 
cence lifetime  measurements 


with  nanosecond  time  resolution, 
and  coronary  angiography.  SSRL 
also  maintains  a  fully  equipped 
biochemistry/chemistry  labora- 
tory for  preparation  and  analysis 
of  samples.  Users  are  charged 
only  for  expensive  supplies  spe- 
cific to  their  experiments. 

Synchrotron  radiation  is  valu- 
able for  studying  weakly  diffract- 
ing samples  such  as  small 
protein  crystals  or  oriented 
membranes.  SSRL  provides  a 
rotation-camera  beam-line  facil- 
ity for  recording  within  minutes 
x-ray  diffraction  data  that  might 
take  hours  when  conventional 
sources  are  used,  Dr.  Hodgson 
explains.  "You  can  collect  data 
faster,  to  higher  resolution,  and 
generally  with  less  radiation 
damage  to  the  crystal,"  he  says. 

There  is  also  a  multiwire  area 
detector  facility  for  experiments 
to  record  very  accurate  diffrac- 
tion data  at  multiple  wavelengths; 
this  enables  the  use  of  a  tech- 
nique called  multiple-energy  a- 
nomalous  dispersion  to  solve  the 
classic  phase  problem  in  x-ray 
crystallography.  One  example  of 
this  is  the  structure  of  a  protein 
from  cucumber  seedlings  that 
defied  many  efforts  over  nearly 
10  years  to  solve  its  structure 
but  has  recently  been  com- 
pleted using  this  new  method. 

Investigators  can  also  use  a 
small  angle  x-ray  scattering 
camera  equipped  with  a  one-di- 
mensional, position-sensitive  de- 
tector to  study  unoriented  mole- 
cules in  solution.  With  it  they  can 
obtain  information  about  changes 
in  the  shape  of  molecules  after 
carrying  out  some  biological 
function,  Dr.  Hodgson  explains. 
For  example,  x-ray  scattering 
studies  reveal  that  the  shape  of 
the  protein  troponin,  which  is 
involved  in  muscle  contraction, 
is  modified  upon  the  binding  of 
calcium. 

SSRL  also  has  detectors  to 
record  x-ray  absorption  data  on 
dilute  biological  samples  and 
cryogenic  equipment  to  record 
data  as  a  function  of  tempera- 
ture down  to  4  Kelvin.  Dr.  Hodg- 
son says  experiments  in  the 


extended  x-ray  absorption  fine 
structure  (EXAFS)  and  ab- 
sorption edge  regions  are  useful 
to  study  in  solution  the  local 
environment  of  absorbing  metal 
atoms  of  metalloproteins  such 
as  the  iron  atoms  in  methane 
mono-oxygenase.  a  bacterial 
enzyme  that  can  destroy  toxic 
pollutant  chemicals  such  as 
trichloroethylene.  Information 
about  the  distances  to.  number 
of.  and  type  of  neighboring 
ligands;  the  electronic  structure; 
and  the  oxidation  state  of  the 
metal  atoms  is  obtained. 

Dedicated  synchrotron  radia- 
tion beam  time  is  available 
around  the  clock  for  approx- 
imately 16  weeks  each  year,  the 
time  divided  equally  between  fall 
and  spring  sessions.  Twelve  of 
25  SPEAR  experimental  stations 
provide  hard  X  rays  used  for 
biological  experiments.  Dr. 
Hodgson  says  the  two  beam 
lines  on  the  new  PEP  storage 
ring  will  provide  approximately 
an  order  of  magnitude  increase 
in  brightness  over  the  existing 
wiggler  beam  lines  on  SPEAR. 

Investigators  wishing  to  use 
SSRL  facilities  must  submit  pro- 
posals that  will  be  reviewed  for 
their  scientific  merit  by  a  panel 
of  peers.  Small  amounts  of 
beam  time  are  sometimes  grant- 
ed based  on  a  nonreviewed  let- 
ter of  intent.  This  spring  a 
"rapid-turnaround"  x-ray  absorp- 
tion station  will  become  avail- 
able on  a  "first  come,  first 
served"  basis.  Only  a  short  let- 
ter-proposal will  be  required  of 
users  who  want  to  obtain  beam 
time  for  short,  simple  experi- 
ments. An  x-ray  absorption 
"apprentice"  program  is  also 
available  for  training  new  users 
and  introducing  them  to  SSRL, 
Dr.  Hodgson  says. 

For    more    information    about 
SSRL  and  its  resources,  contact: 
Dr.  Keith  0.  Hodgson 
Stanford  Synchrotron  Radiation 

Laboratory 
SLAC/Bm  69,  P.O.  Box  4349 
Stanford,  California  94305 
(BITNET  address:  HODGSON(« 

SSRL750) 
Telephone:  (415)  723-1328 


Navy  Manufacturing  Technology 

AM^PF  Automated  Manufacturing  Research  Facility 

National  Bureau  of  Standards,  Gaithersburg,  MD  20899 

Research  Facility  Addresses  Human  Interface  Issues 


The  AMRF  is  a  research  facility, 
staffed  by  researchers,  working  in 
concert  with  researchers  from  other 
institutions.  Yet  the  products  of  its 
research  must  eventually  be  used  by 
the  worker  on  the  shop  floor  in 
production  applications.  Two  com- 
ponents of  the  AMRF  program  ad- 
dress this  requirement. 

AMRF  staff  members  are  construc- 
ting and  testing  a  production  work- 
station. 

This  work  combines  the  lessons 
learned  in  the  Turning  Workstation  of 
the  AMRF  with  commercial  equip- 
ment provided  by  cooperating  ven- 
dors. Discussions  are  under  way  with 
several  other  shipyards  for  subsequent 
projects  at  their  sites. 

The  second  component  is  a  pro- 
gram to  simplify  and  document  the 
AMRF  operator  interfaces  so  that 
shop  personnel  can  run  parts  of  the 
facility  in  normal  operations.  Most 
of  the  subsystems  of  the  AMRF  can 
now  be  started  up  and  run  by  non- 
experts, and  the  formal  documen- 
tation is  nearing  completion. 

During  the  November  1987  NBS 
Automation  Open  House,  the  AMRF 
was  demonstrated  with  a  member  of 
the  Bureau's  shop  staff  —  not  a 
computer  specialist  —  operating  the 
Vertical  Workstation  (VWS).    Without 


disturbing  the  rest  of  the  AMRF, 
which  was  in  full  automatic  operation, 
he  brought  up  the  VWS  from  a  power- 
off  state;  initialized  all  of  the  con- 
trollers; established  the  links  between 
the  workstation  controller,  equipment 
controllers,  and  equipment;  made  the 
links  with  the  network  and  data 
system;  and  connected  the  work- 
station controller  to  the  cell  controller. 
Then  a  command  was  issued  from  the 
cell  controller  and  the  VWS  loaded 
and  machined  the  requested  part. 
This  all  took  less  than  15  minutes,  was 
carried  out  in  front  of  the  demo 
visitors,  and  was  done  more  than 
ten  times  during  the  week  without 
failure. 

Other  parts  of  the  system  which 
can  be  operated  under  normal  con- 
ditions by  non-expert  operators 
include  the  Inspection  Workstation, 
Cleaning  and  Deburring  Workstation, 
Cell  controller,  and  datasystem. 

For  further  information  regarding 
the   documentation   program    or   the 
user  interface  activity,  contact: 
Joan  Wellington  (documentation) 
Building  220  -  Room  B-111 
Telephone  :    (30 1)  975-34 1 6  or 
Bill  Rippey  (user  interface  project) 
Building  220 -B-111 
Telephone:   (301)975-3417 
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Walter  Reed  Army  Institute  of  Research 


Improving  ELISA  Assays  for  the  Detection  of 
Malaria   Sporozites 


i 


Over  the  years,  a  number  of  serological  tests  have  been  developed  that 
link  a  signal-producing  reagent  and  an  antibody  to  form  an  extremely 
sensitive  and  specific  chemical  tool  for  detecting  a  certain  type  of 
cell,  organism,  or  other  antigen  or  antibody.     The  enzyme-linked 
immunosorbent  assay,  or  ELISA,  is  one  of  the  most  useful  tests  of  this 
kind.     However,  while  developing  an  ELISA  for  the  detection  of  malaria 
sporozites  in  mosquitos,  researchers  in  the  departments  of  entomology 
and  immunology  found  that  a  number  of  potentially  useful  monoclonal 
antibodies  lost  their  capacity  for  binding  antigen  after  they  were  linked 
to  a  common  enzyme.     A  relatively  simple  way  has  been  found  to  predict 
which  antibodies  are  likely  to  lose  that  binding  ability  and  their  useful- 
ness. 

The  key  was  an  amino  group.     The  enzyme  HPO  is  known  to  react  with 

primary  amino  groups,  and  the  researchers  reasoned  that  such  a  reaction 

between  HPO  and  an  amino  group  on  the  antibody  might  somehow 

interfere  with  the  antibody's  ability  to  bind  antigen.     To  test  the  theory, 

they  treated  monoclonal  antibodies  to  sporozites  with  fluoro  2,4-dini- 

trobenzene  (FDNB),  a  compound  they  knew  would  modify  the  antibodies' 

functional  amino  groups.  1 

Of  the  eight  monoclonal  antibodies  tested  for  their  ability  to  react  with 
antigens  after  treatment  with  FDNB,  five  were  completely  inactivated; 
only  three  were  not  affected  by  the  treatment.     Further  tests  indicated 
that  this  loss  of  reactivity  stemmed  from  interference  by  FDNB  coupled 
to  a  primary  amine  in  or  near  the  antigen-combining  site  of  the  primary 
antibody.     And  as  predicted,  only  the  antibodies  unaffected  by  FDNB 
retained  their  activity  after  coupling  to  HPO. 

The  entire  testing  process  can  be  performed  in  24  hours  —  in  contrast 
to  the  usual  six  days  —  does  not  require  purified  antibodies,  and  permits 
the  screening  of  several  samples  in  a  single  experiment.     Treatment  of 
monoclonal  antibodies  with  FDNB  followed  by  indirect  fluorescent 
antibody  assay  has  proved  to  be  a  useful,  cost-effective  probe  for 
screening  a  bank  of  monoclonal  antibodies  in  order  to  identify  those 
antibodies  which  will  probably  yield  successful  antibody-enzyme 
conjugates  prepared  with  periodate-oxidized  HPO. 

FOR  ADDITIONAL  INFORMATION: 

Walter  Reed  Army  Institute  of  Research 

Attn:  SGRD-UWS 

Washington,  DC  20307-5100  | 

Refer  to  issue  8-2 
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Real-Time  Keratometer 

This  instrument  rapidly  produces  a  contour  map  of  a  corneal  surface. 


An  optical/electronic  keratometer  sys- 
tem produces  a  contour  map  of  a  corneal 
surface  illuminated  by  infrared  light  pulses. 
This  system  prevents  operator  error  and 
eliminates  the  need  to  apply  fluorescent 
liquids  to  the  cornea.  The  keratometer  pro- 
vides both  video  display  and  numerical  re- 
cording for  corneal-transplant  and  radial- 
keratotomy  surgery  and  for  contact-lens 
fitting. 

The  contour  map  results  from  the  com- 
puter analysis  of  the  Moire  pattern  that  is 
produced  when  light  transmitted  through 
one  circular  grating  is  reflected  from  the 
cornea  onto  an  identical  grating.  The  opti- 
cal system  is  shown  in  Figure  1.  Infrared 
light  from  a  diode  laser  passes  through  the 
collimating  lens,  the  beam-shaping  prisms, 


the  beam  expander,  the  eye-fixation  plane, 
the  condensing  lenses,  the  first  circular 
grating,  and  then  through  the  main  colli- 
mating lens.  The  resulting  collimated  beam 
is  linearly  polarized  by  a  prismoidal  beam 
splitter,  circularly  polarized  by  a  quarter- 
wave  plate,  and  directed  perpendicularly 
to  the  corneal  surface  by  a  converging 
lens.  When  the  portion  (about  4  percent)  of 
this  light  reflected  by  the  corneal  surface 
has  returned  to  the  beam  splitter,  its  plane 
of  polarization  has  been  rotated  by  90° 
causing  it  to  be  reflected  to  the  second 
grating  rather  than  passing  back  through 
the  beam-splitting  prism  to  the  laser. 

The  first-grating  image  is  modified  by 
spherical  aberration  in  the  optical  system 
and  by  its  reflection  from  any  portions  of 


the  corneal  surface  that  deviate  from 
sphericity.  This  reflected  image  is  superim- 
posed on  the  second  grating,  which  is  laid 
out  on  a  fiber-optic  plate  that  has  a  receiv- 
ing-surface shape  identical  to  that  of  the 
circular  grating.  Moire  fringes  are  pro- 
duced by  the  differences  between  the  sec- 
ond grating  and  the  reflected  image  of  the 
first  grating.  Only  these  fringes,  not  the  high- 
frequency  grating  structure,  are  transmit- 
ted by  the  plate  to  the  Moire  fringe  televi- 
sion camera. 

If  the  corneal  surface  is  aspherical,  the 
location  and  number  of  Moire  fringes  dif- 
fer from  those  produced  by  the  spheri- 
cal aberration  of  the  optical  system  alone. 
The  difference  is  measured  as  a  change 
of  transverse  aberration  resulting  from 
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Figure  1.  In  the  Optical  System  ot  the  Keratometer,  the  circular  grating  pattern  transmitted  to  the  corneal  surface  is  reflected  onto  an  identi- 
cal circular  grating  on  the  surface  of  the  fiber  plate,  producing  a  Moire  pattern. 
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asphericity  of  the  corneal  surface.  The 
analysis  is  conducted  along  an  azimuth, 
and  a  measurement  of  eight  azimuths  suf- 
fices to  define  the  corneal  shape. 

The  eye-fixation  plane  contains  the  ends 
of  eight  fiber-optic  guides  arranged  uni- 
formly around  the  axis.  By  focusing  on 
each  of  these  light  spots  as  each  is  illumi- 
nated in  turn,  the  patient  cumulatively  pre- 
sents a  large  portion  of  the  corneal  surface 
for  mapping. 

The  data-analysis-and-display  system  is 
shown  in  Figure  2.  The  Moire  pattern  is 
scanned  at  the  standard  television  scan- 
ning rate.  This  rate  plus  the  pixel  resolution 
necessary  to  define  a  full-field  Moire  pat- 
tern require  analog  video  signals  to  be 
converted  to  digital  at  a  rate  about  10  to 
20  times  as  great  as  the  maximum  trans- 
fer speed  possible  using  a  typical  desk- 
top computer;  consequently,  a  "frame 
grabber"  is  used  between  the  television 
camera  and  the  computer.  The  frame 
grabber  digitizes  the  signal  at  a  high  rate 
and  transfers  the  data  to  the  computer  at 
an  acceptably  low  rate. 

Initial  adjustments  of  the  keratometer 
and  preliminary  observations  are  made 
with  the  laser  in  a  continuous-wave  mode. 
Once  the  measurement  parameters  are 
established,  the  system  is  switched  to  the 
automatic  pulsed-laser,v  data-processing 
mode.  In  this  mode,  the  short  laser  pulses 
effectively  "freeze"  the  moving  Moire  pat- 
terns from  a  jittering  cornea.  The  laser 
pulses  are  synchronized  with  the  scanning 
intervals  of  the  television  camera  and  with 
the  analog-to-digital  conversion  time  of  the 
frame  grabber  to  produce  a  sharp  contour 
map  of  the  corneal  surface. 

This  work  was  done  by  Robert  E.  Frazer 
of  Caltech  and  Iwao  P.  Adachi,  and 
Yoshifumi  Adachi  of  Altovac,  Inc.,  for 
NASA's  Jet  Propulsion  Laboratory. 
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Figure 2.  In  the  Data  Anaiysis-and-Display  Mode,  the  laser  light  is  pulsed,  and  the  Moire  pat- 
tern is  converted  to  digital  information  in  the  frame  grabber.  The  digital  picture  information  is 
sent  to  the  computer  for  processing  and  display. 


In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
NPO-16701/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
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Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA91109 
(818)354-4849 
Patent  Counsel: 
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FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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High  Tech  Sensors  that  Measure  Groundwater 


With  some  plumbing  pipes/  plastic  boxes,  and  simple  electronic  equipment, 
an     ARS  engineer  has  built  high-tech  sensors  that  measure  groundwater. 
One  set  of  these  sensors  gives  a  series  of  water  pressure  readings  that 
can  be  mapped  to  show  groundwater  flow  direction.     Much  of  the  pre- 
cipitation enters  soil  at  higher  elevations  and  resurfaces  at  lower 
elevations.     Another  set  of  sensors  detects  this  resurfacing  groundwater 
as  it  flows  through  a  specially  designed  detector  system.     The  equipment 
is  now  operating  on  a  farm  in  Pennsylvania  Dutch  country.     The  data 
shows  that  groundwater  can  resurface  over  much  of  the  near-stream  area 
before  it  enters  a  stream.     Because  of  this,  farmers  may  need  wider 
buffer  zones  around  streams  than  previously  recommended. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Northeast  Watershed  Research  Center,   1 1 1   Research  Bldg.  A, 
University  Park,  PA   16802,  J.R.  Hoover,  (814)  865-2048. 
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Estimating  Electron 
Content  of  the  Ionosphere 

An  empirical  method  is  used 
for  local  or  global  monitoring. 

A  report  presents  a  method  for  the  esti- 
mation of  the  total  electron  content  of  the 
ionosphere.  Estimates  of  the  total  electron 
content  are  important  for  precise  deep- 
space  navigation,  since  total  electron  con- 
tent contributes  to  the  delay  experienced 
by  electromagnetic  waves  traversing  the 
ionosphere.  These  estimates  are  also  im- 
portant in  evaluating  data  from  radio- 
science  experiments  on  space  missions. 

The  method  is  based  on  measurements 
of  signals  transmitted  from  global  position- 
ing satellites  (GPS's).  Ionospheric  delays 
are  obtained  by  measuring  the  differential 
arrival  times  of  signals  at  two  different  fre- 
quencies. Since  the  GPS  observations 
cover  only  certain  regions  of  the  sky,  the  lo- 
cation of  a  space  probe  to  be  calibrated 
might  not  overlap  the  GPS  field  of  view. 
Therefore  certain  assumptions  are  made 


about  the  behavior  of  the  ionosphere  so 
that  the  total  electron  content  can  be  esti- 
mated in  any  direction  from  the  receiver. 

In  this  report,  the  ionosphere  is  modeled 
as  a  spherical  shell  at  an  altitude  of  350  km 
above  mean  sea  level.  The  total  vertical 
electron  content  is  modeled  locally  as  a 
function  of  lateral  distance,  and  a  mapping 
function  converts  the  vertical  to  the  total 
line-of-sight  electron  content. 

It  is  assumed  that  the  electron  content 
is  constant  in  time  for  the  duration  of  the 
obseivation  session  in  a  geocentric  solar 
reference  frame  oriented  along  the  Sun/ 
Earth  axis.  For  that  observation  session, 
the  electron  content  is  approximated  by  a 
six-coefficient,  second-order  polynomial  in 
Earth-centered  solar  spherical  coordi- 
nates. A  least-squares  fit  is  applied  to  all  ob- 
servations to  estimate  the  six  coefficients 


as  well  as  the  offset  delays  of  the  GPS 
transmitters. 

The  report  briefly  describes  the  estima- 
tion technique  and  experimental  results.  It 
discusses  the  mathematical  model  em- 
ployed in  the  method.  Finally,  it  suggests 
possible  improvements. 

This  work  was  done  by  G.  E.  Lanyi  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 

"Ionospheric  Electron  Content  Prediction 
From  SERIES/GPS  Data," 
NPO-16923KN 
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New  Ways  to  Study  Fast  Processes  in  Semiconductors 

New  ways  of  studying  so-called  "fast  processes"  in  semiconductors  —  internal 
processes  that  take  place  in  less  than  a  trillionth  of  a  second  and  affect  what 
the  material  can  do  --  have  been  developed  by  scientists  at  the  Lawrence 
Berkeley  Laboratory. 

Peter  Yu,  a  physicist  with  LBL's  Materials  and  Chemical  Sciences  Division, 
let  this  work  which  could  be  crucial  to  the  development  of  future  electronic 
products. 

Created  by  rapid  bursts  of  intense  laser  light,  solid  state  plasmas  contain 
electrons  and  holes  (vacant  electron  energy  states)  which  dart  around  at  high 
speeds  inside  the  semiconductor  as  if  they  were  in  "free-space."     However, 
since  the  movement  of  these  electrons  and  holes  is  influenced  by  the  presence 
of  other  atoms  in  the  crystal,  their  velocity  increases.     In  the  world  of  elec- 
tronics, high  electron-hole  velocities  meant  faster  devices. 

When  electrons  and  holes  created  in  a  solid  state  plasma  recombine,  as  is 
likely  to  happen  in  certain  semiconductors,  such  as  gallium  arsenide,  they  emit 
light.     This  light-emitting  property  has  been  used  to  make  highly-efficient 
laser  diodes  for  optical-fiber  communications,  the  next  big  area  of  development 
for  electronic  devices.     Solid  state  plasmas  also  play  an  essential  role  in 
electronic  device  fabrication  techniques,  such  as  laser  annealing,  a  repair 
mechanism  in  which  an  amorphous  material  is  rapidly  melted  by  an  intense 
laser  beam  then  quickly  cooled  to  restore  crystallinity.     Used  in  combination 
with  ioo  implantation,   laser  annealing  allows  semiconductors  to  be  "doped"  with 
impurity  atoms  at  precise  locations  in  the  crystal. 

"Interactions  between  electrons  and  optical  phonons  were  too  swift  for  us  to 
observe  directly,"  says  Yu,  whose  team  devised  a  technique  whereby  the  heating 
of  the  phonons  due  to  the  cooling  of  the  plasma  was  measured  as  a  function  of 
time.     From  this  information,  they  determiend  how  long  it  took  for  the  excited 
electrons  to  give  up  heat  to  phonons. 

"Although  indirect,  our  approach  was  accurate  within  50  percent  in  determining 
electron-phonon  interaction  times  as  fast  as   10  femtoseconds  (quadrillionths  of 
a  second),  which  is  better  by  at  least  one  order  of  magnitude  over  the  uncer- 
tainties with  which  we've  dealt  before,"  says  Yu. 

One  of  the  questions  Yu  and  his  team,  which  includes  physicists  Yihe  Huang 
and  Dai-Sik  Kim,  investigated  was  why  the  rate  of  electron  cooling  decreases 
when  the  density  of  a  solid  state  plasma  is  increased.     This  is  important 
because  crystal  repairs  occur  only  when  the  solid  state  plasma  transfers  its 
thermal  energy  to  phonons.     The  faster  the  phonons  heat  up,  the  better.     If  the 
annealing  process  drags  on  too  long,  impurities  can  aggregate  in  clusters  or 
diffuse  into  areas  of  the  crystal  where  they  are  not  wanted. 

FOR  ADDITIONAL  INFORMATION: 

Lawrence  Berkeley  Laboratory,  Public  Information  Department,    1   Cyclotron 
Road,  Berkeley,  CA  94720;  (415)  486-5771. 
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Approximation  to  the  Normal  Probability  Distribution 

Closed-form  expressions  give  P(x)  and  x(P). 


A  pair  of  closed-form  equations  yields 
approximate  values  for  the  normal  proba- 
bility distribution 

P(x)  =  (2n) " ,/2  XI  exp[  -  (1/2)f2]df 
and  its  inverse  x(P).  The  new  equations  can 
be  entered  in  many  programmable  hand- 
held calculators,  yielding  quick,  easy,  and 
fairly  accurate  estimates  of  normal-proba- 
bility values. 

The  normal  probability  distribution  is 
widely  used  in  engineering,  medical  re- 
search, psychology,  physics,  biology,  and 
other  disciplines.  There  are  no  exact, 
closed-form  expressions  for  P(x)  and  x(P). 
Although  there  are  several  methods  of  ap- 


proximation, none  of  them  combines  ease 
of  calculation  with  appreciable  accuracy. 
However,  the  new  equations  do  both. 

The  new  approximation  P'(x)  for  the  ex- 
act value  P(x)  is  given  by 

P'(x)  =  { 1  +  exp[  -  x(a  +  bx2)}  ~ 1 
for  x  >  - 1.16,  where  a  =  (8/n),/2  and  6  = 
(4  -  n)  (2/n)1/2(3  n)  - 1 .  The  relative  error 

|ln[P'(x)/P(x)]| 
is  less  than  3.2  x  10~4,  provided  that  x  re- 
mains above  - 1.16.  This  is  an  order  of 
magnitude  less  than  the  error  of  the  best 
previous  approximation  of  comparable 
simplicity,  namely 


P"(x)  =  {1+[1  -exp(-2x2/n)],/'}/2 
for  x  >0. 

The  new  approximation  for  the  inverse 
is  given  by 

x(P0  =  2A  ,/2sinh{[sinh  -  \BA  ~  3/2)]/3} 
for  P'  >0.123,  where  A  =  a/36,  B  = 
{ln[(P')"1  -1]}/2b.  Although  this  approxi- 
mation is  not  as  simple  as  that  for  P'(x),  it  is 
still  straightforward  for  a  hand-held  calcu- 
lator equipped  with  the  hyperbolic-function 
capability. 

This  work  was  done  by  John  D.  Vedder 
of  McDonnell  Douglas  Corp.  for  Johnson 
Space  Center.  No  further  documentation 
is  available.      MSC-21285  ffN 
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Approximations  for 
Predicting  Electrostatic 
Discharges 

Electrostatic  field  strengths 
are  estimated  for  assorted 
electrode  shapes. 

A  report  provides  approximate  equa- 
tions for  the  capacitances  and  ratios  of 
maximum  electrostatic  field  strengths  to 
potentials  of  variously  shaped  electrodes 
in  the  vicinity  of  ground  planes.  The  maxi- 
mum-field-strength/potential ratio  of  a 
given  electrode  is  used  in  conjunction  with 
the  measured  or  estimated  potential  to  de- 
termine whether  a  discharge  is  likely.  The 
capacitance  and  potential  give  a  measure 
of  the  maximum  energy  that  could  be  re- 
leased and,  therefore,  the  maximum  dam- 
age that  could  be  done  by  a  discharge. 

For  purposes  of  analysis,  the  medium 
between  the  electrode  and  the  ground 
plane  can  be  a  neutral  gas,  a  vacuum,  or 
an  uncharged,  homogeneous,  isotropic 
solid  insulator.  In  many  practical  configura- 


tions, the  electrode  has  a  radius  of  curva- 
ture R  on  the  tip  facing  the  ground  plane, 
and  the  tip  lies  at  a  distance  L  from  the 
ground  plane.  A  useful  approximation  that 
gives  a  fairly  reliable  estimate  (typically 
within  20  percent)  of  the  correct  ratio  is 

V/E  =  LRI[(2LI3)  +  R] 
where  V  is  the  potential  of  the  electrode 
with  respect  to  the  ground  plane  and  E  is 
the  electric  field  at  the  apex,  where  break- 
down is  likely  to  start. 

Although  the  strongest  field  usually  oc- 
curs at  the  apex,  it  is  sometimes  useful  to 
know  the  field  strength  at  other  points.  The 
report  gives  approximate  equations  for  the 
field  strength  and  potential  at  points  on  and 
off  the  axis  of  symmetry  of  the  electrode. 
Approximate  integral  equations  are  also 


given  for  the  capacitance  of  an  electrode 
that  is  convex  everywhere. 

The  report  discusses  the  importance  of 
surface  deformities  and  discharge  mecha- 
nisms. On  a  microscopic  scale,  the  protu- 
berances of  ordinary  surface  roughness 
can  act  as  small-radius,  field-concentrat- 
ing electrodes  in  their  own  right  and  may 
have  to  be  considered  as  such  in  the  ap- 
proximate equations. 

This  work  was  done  by  Larry  D. 
Edmonds  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

"Approximations  Useful  for  the   Prediction 
of  Electrostatic  Discharges  for   Simple 
Electrode  Geometries,"  NPO-17065/TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Computer  Interface  for  a  Spectroref lectometer 

A  FORTRAN  program  controls  stepping  motors  and  signal-processing  electronics  via  an  S-1 00 
computer  bus. 
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Analog  and  Digital  Signal-Processing  Circuits  enable  the  use  of  computerized  automatic  data  collection  and  analysis.  Previously,  the  spectrore- 
f lectometer  data  were  recorded  on  strip  charts. 


A  group  of  spectroreflectometers  have 
been  modified  to  provide  computer-con- 
trolled operation  and  data  collection.  In 
their  original  form,  these  instruments  in- 
cluded vacuum-tube  electronics,  strip- 
chart  output,  and  related  mechanical 
parts,  but  no  provision  for  connection  to 
computers.  In  the  modification,  the  original 
high-quality  optical  and  most  of  the  me- 
chanical parts  were  retained,  thus  allowing 
continued  use  of  an  extensive  collection  of 
accessories  and  adapters  already  pur- 
chased. 

Solid-state  digital  electronic  circuitry 
was  added  to  allow  data  transfer  and  con- 
trol signals  to  be  handled  via  an  S-1 00  com- 
puter bus.  The  computer  programs  were 
written  in  FORTRAN  IV  to  enable  modifica- 
tion by  the  user  to  fit  special  configurations 
and  test  procedures.  New  signal-process- 


ing electronics  provide  improved  perform- 
ance at  low  light  levels  by  integrating  read- 
ings over  longer  periods  when  necessary. 

The  continuous-control  motors  and  the 
associated  circuitry  are  replaced  with  two 
computer-controlled  stepping  motors:  one 
motor  moves  the  prism  or  diffraction  grat- 
ing of  the  monochromator  to  select  the 
wavelength  of  the  beam;  the  other  motor 
operates  the  slit-width  mechanism  to  con- 
trol the  beam  intensity.  A  chopper  modu- 
lates the  monochromator  output  by  turning 
it  on  and  off  at  a  rate  of  480  Hz.  A  second 
optical  chopping  system  switches  the  light 
beam  back  and  forth  between  sample  and 
reference  paths  at  a  rate  of  15  Hz. 

The  photodetector  signal  and  the  chop- 
per and  sample/reference  timing  signals 
are  passed  on  to  signal-processing  and 
computer-interface  circuits  (see  figure) 


mounted  on  cards  that  plug  into  the  S-100 
bus.  The  timing  signals  control  the  gating 
and  switching  of  the  photodetector  signal 
so  that  the  sample  and  reference  portions 
of  the  signal  are  fed  to  the  correct  chan- 
nels and  sampled  during  the  appropriate 
intervals. 

Band-pass  filters  remove  harmonics 
from  the  chopper-sensor  signal.  Synchro- 
nous detection  with  analog  multipliers  fur- 
ther enhances  the  signal-to-noise  ratio.  A 
computer-controlled  programmable 
counter  allows  the  signals  from  1  to  64  half 
chopper  cycles  to  be  integrated  before  di- 
gitization of  the  signals. 

This  work  was  done  by  William  A.  Hurd 
and  Glenn  B.  Shelton  of  Radiometrics,  Inc., 
for  Marshall  Space  Right  Center. 
MFS-26021/TN 


I 
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Imaging  of  Directional-Solidification  Interfaces 

The  movements  and  shapes  of  interfaces  are  revealed  during  crystal  growth. 


An  x-ray  and  gamma-ray  technique  de- 
veloped at  NASA  Langley  Research  Cen- 
ter enables  the  melt/solid  interface  to  be 
observed  visually  during  crystal  growth  by 
directional  solidification  in  a  Bridgman  fur- 
nace. This  technique  has  been  used  to  ob- 
serve the  movement  and  shape  of  the  in- 
terface in  germanium  and  in  lead  tin 
telluride. 

It  is  known  that  the  shape  of  the  inter- 
face during  the  solidification  of  a  semicon- 
ductor crystal  significantly  alters  such  final 
properties  of  the  crystal  as  the  impurity  dis- 
tribution, stress,  and  defect  density.  Here- 
tofore, the  correlation  between  interface 
shapes  and  crystal  properties  has  been  li- 
mited to  only  a  few  semiconductor  materi- 
als and  by  the  necessity  of  performing  all 
analyses  after  the  growth  was  over. 
Therefore,  there  is  a  need  for  a  general  in 
situ  method  of  determining  the  shape  of 
the  interface. 

Two  experimental  semiconductor  ma- 
terials were  used  as  test  substances  during 
the  development  of  the  new  experimental 
procedure.  Germanium  was  selected  pri- 
marily because  it  is  representative  of  semi- 
conductor elements  of  relatively  low  molec- 
ular weight  and  low  atomic  number  and 
thus  is  penetrated  by  x  rays.  Lead  tin 
telluride  was  selected  as  the  second  test 
material  primarily  because  it  is  representa- 
tive of  ternary-compound  semiconductors 
that  contain  elements,  especially  lead,  that 
are  high  in  molecular  weight  and  atomic 
number  and  thus  require  gamma  rays  to 
penetrate  the  material. 

The  figure  shows  the  apparatus  used  in 
this  technique.  By  the  adjustment  of  the 
temperature  field  between  the  upper  and 
lower  isothermal  regions  of  the  furnace, 
the  interface  is  moved  but  is  kept  within  the 
insulation  zone  of  the  furnace.  The  differ- 
ence in  densities  between  the  transmitted- 
x-ray  images  of  the  liquid  and  solid  phases 
is  greater  than  2  percent,  and  therefore  the 


position  of  the  interface  can  be  detected. 
Observations  of  the  germanium  and  lead 
tin  telluride  samples  track  the  interface 
through  new  positions  as  a  consequence 
of  increasing  the  temperature  in  the  lower 
isothermal  region,  which  produces  melt- 
back  at  the  interface.  When  lead  tin  tel- 
luride is  grown  vertically  downward,  i.e., 
hot-on-the-bottom,  it  develops  a  central 
void  along  its  length,  which  also  has  been 
followed  by  the  use  of  this  gamma-ray 
technique. 

This  new  experimental  technique  now 
makes  melt/solid  interfaces  visible  to  re- 
searchers during  crystal  growth.  It  should 


prove  to  be  a  valuable  tool  in  efforts  to  grow 
seeded  semiconductor  materials  in 
Bridgman  furnaces. 

This  work  was  done  by  Archibald  L. 
Fripp,  Jr.,  William  J.  Debnam,  Jr.,  and 
Robert  F.  Berry  of  Langley  Research 
Center;  Roger  K.  Crouch  of  NASA  Head- 
quarters; Patrick  G.  Barber  of  Longwood 
College;  and  Richard  Simchick  of  PRC 
Kentron,  Inc. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center  Refer  to  LAR-13597/TN 

Langley  Research  Ctr. 

Technology  Utilization  Patent  Counsel: 

Officer:  John  Samos  George  F  Helfnch 

Mail  Stop  139A  Mail  Code  279 

Hampton,  VA  23665  Hampton.  VA  23665 

(804)  865-3281  (804)  865-3725 
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The  Interface  Between  the  Liquid  and  the  Solid  can  be  seen  in  an  x-ray  photograph  because 
the  liquid  and  solid  have  different  x-ray-attenuation  densities. 
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Study  of  Large  Telescopes 

Design  considerations 
for  segmented  mirrors 
are  explored. 

A  document  considers  the  selection  of  a 
suitable  telescope  for  an  advanced  space 
laboratory.  It  analyzes  and  compares  two- 
and  four-mirror  telescopes,  both  of  which 
are  practical  and  structurally  similar.  The 
document  emphasizes  the  analysis  of  four- 
mirror  telescope  systems,  since  the  design 
and  performance  characteristics  of  two- 
mirror  telescopes  are  already  well  known. 
Three-mirror  systems  are  not  considered 
because  their  configuration  is  awkward, 
and  the  accessibility  of  their  images  is 
poor. 

The  criteria  used  to  compare  telescope 
designs  include  the  residual  aberrations  as 
a  function  of  the  field  angle  and  the  effects 
of  mirror  misalignment  on  the  quality  of  the 
image.  The  document  notes  that  a  Casse- 
grain  configuration  has  the  obvious  ad- 
vantages of  a  two-mirror  configuration:  it  is 
simple  and  compact  and  requires  only  two 
reflections.  However,  it  forms  an  image  of 
good  quality  only  on  a  highly  curved  focal 
surface.  Even  if  rigorously  corrected  for 
spherical  aberration,  a  Cassegrain  tele- 
scope with  a  spherical  primary  mirror  is 
essentially  a  zero-field  system.  Therefore, 
it  may  be  useful  as  a  beam  expander  but 
not  as  an  imaging  instrument. 


A  four-mirror  telescope  in  a  quasi- 
Cassegrain  configuration  not  only  pro- 
duces an  image  quality  comparable  to  that 
of  a  long-focal-length  Cassegrain  tele- 
scope but  does  so  in  a  much-desired  flat 
field.  Its  two  additional  reflecting  surfaces 
enable  a  high  degree  of  correction,  even 
with  a  spherical  primary  mirror. 

A  large  unitary  primary  mirror  makes  a 
telescope  heavy  and  difficult  to  manufac- 
ture and  transport.  The  difficulties  can  be 
alleviated  by  making  the  large  mirror  in 
segments.  This  reduces  the  overall  weight 
because  the  minimum  required  thickness 
of  a  mirror  is  roughly  proportional  to  its 
size;  the  total  weight  of  segments  would  be 
less  than  that  of  a  unitary  primary. 

The  segments  of  the  primary  mirror 
must  be  aligned.  This  is  less  of  a  problem 
for  spherical  than  for  aspherical  mirrors. 
An  aspherical  surface  requires  four  inde- 
pendent motions  —  one  radial  and  three 
angular  —  to  correct  an  image  mismatch. 
A  segment  of  a  spherical  surface,  on  the 
other  hand,  requires  only  two  angular  mo- 
tions. Thus,  a  spherical  primary  mirror  may 
be  preferred  in  some  instances,  even 
though  a  paraboloidal  primary  mirror 
would  have  superior  wide-field  perform- 


ance and  would  be  less  sensitive  to 
misalignments  of  the  tertiary  and  quater- 
nary mirrors. 

The  document  includes  a  section  on  the 
point-spread  functions  of  rectangular  and 
multiple  circular  apertures.  Though  the 
point-spread  functions  of  single  circular 
apertures  are  well  known,  a  single  non- 
circular  aperture  or  multiple  circular  or 
noncircular  apertures  may  be  preferable  in 
the  large  telescope  on  account  of  physical 
contraints  on  design  or  operation,  to  re- 
duce costs,  or  to  obtain  the  highest  possi- 
ble resolution  for  a  given  total  area. 

The  report  concludes  by  giving  the  ma- 
jor design  parameters  of  an  afocal  Casse- 
grain telescope  with  lag-angle  compensa- 
tion for  use  in  ranging  experiments.  This 
telescope  would  have  a  paraboloidal  pri- 
mary reflector  of  1.25-m  diameter  and 
4.00-m  vertex  radius.  The  secondary  mir- 
ror would  be  a  paraboloid  with  a  diameter 
of  6.25  cm  and  a  vertex  radius  of  20  cm. 

777/s  work  was  done  by  Dietrich  Korsch 
ofKorsch  Optics,  Inc.,  for  Marshall  Space 
Flight  Center. 

"An  Optical  Technology  StucP/  on  Large 
Aperture  Telescopes,"  MFS-27143/TN 
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Studies  of  Single- 
Event-Upset  Models 

Experimental  data  are 
correlated  with  computer 
simulations. 

A  report  presents  the  latest  in  a  series  of 
investigations  of  "soft"  (nonpermanent)  bit 
errors  known  as  single-event  upsets  (SEU), 
which  are  induced  in  logic  circuits  by  ioniz- 
ing radiation.  In  this  investigation,  the  SEU 
response  of  a  low-power,  Schottky-diode- 
clamped,  transistor/transistor-logic  (TTL) 
static  random-access  memory  (RAM)  was 
observed  during  irradiation  by  Br  and  O 
ions  in  the  energy  ranges  of  100  to  240  and 
20  to  100  MeV,  respectively  The  ex- 
perimental data  complete  the  verification 
of  the  computer  model  used  to  simulate 
SEU  in  this  circuit. 

The  objective  of  this  research  is  a 
method  for  the  computer  simulation  of  the 
susceptibilities  of  integrated  circuits  to 
SEU,  for  use  by  the  designers  of  such  cir- 
cuits. Computer  models  of  the  TTL  RAM 
circuit  in  question  and  of  other  circuits  had 
been  developed  with  the  SPICE  computer 
program.  Previous  experiments  had  begun 
the  verification  of  the  TTL  RAM  model.  Ac- 
cording to  this  model,  each  event  is  rep- 
resented by  current  injection  in  the 
macromodel  of  the  device  struck  by  the 
ionizing  particle.  The  charge  collected 
from  each  ion  track  is  estimated  by  con- 


sideration of  the  geometrical  features  of 
the  device  and  the  range-versus-energy 
characteristics  of  the  ion  species  in  ques- 
tion. 

The  Br  and  O  ion  beams  for  the  ex- 
periments were  generated  in  a  Van  de 
Graaff  accelerator,  filtered,  and  aimed  at 
the  circuit  to  probe  the  SEU  response  at 
various  beam  energies,  angles  of  inci- 
dence, and  points  of  incidence.  The  result- 
ing data  show  that  SEU  behavior  depends 
strongly  on  both  the  location  of  an  ion  track 
in  a  bipolar  transistor  and  the  voltage  ap- 
plied to  the  transistor  during  irradiation  (i.e., 
whether  it  represents  an  addressed  or 
unaddressed  memory  element). 

The  data  show  that  for  purposes  of  the 
computer  simulation  model,  the  threshold 
for  SEU  is  best  described  by  a  critical 
charge,  rather  than  by  a  threshold  value  of 
the  linear  energy  transfer  (a  measure  of 
loss  of  energy  by  the  ion  along  its  track  in 
the  device).  The  calculation  of  soft-error 
rates  of  a  given  RAM  in  a  given  radiation 
environment  must  take  account  of  multiple 
thresholds  for  different  sensitive  regions 
and  the  bias  voltages  of  the  bipolar  tran- 
sistors in  the  RAM. 


The  SPICE  model  accurately  predicts 
the  critical-charge  values  and  is  slightly 
conservative  when  used  to  predict  SEU  for 
design  purposes.  To  afford  the  best  protec- 
tion against  and  to  make  accurate  pre- 
dictions of  SEU,  circuit  designers  must 
know  the  diffusion  profiles  and  the  sizes 
and  shapes  of  circuit  features. 
Future  circuits  and  devices  will  probably 
not  be  examined  as  thoroughly  as  this 
one  was.  In  many  cases,  it  may  be 
more  productive  to  evaluate  new  types 
by  computer  modeling  and  verifying  the 
models  indirectly  by  testing  standard 
circuits  made  by  specified  design 
rules  and  fabrication  processes. 

This  work  was  done  by  J.  A.  Zoutendyk, 
L. S.Smith, and G.  A.  Soli  of  Caltech 
for  NASA's  Jet  Propulsion 
Laboratory.  "Single-Event  Upset  (SEU) 
Model  Verification  and  Threshold  Deter- 
mination Using  Heavy  Ions  in  a  Bipolar 
Static  RAM/'  NPO-16735  /TN 
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Synthesis  of  B,  B\  B  -Trichloroborazine 

This  useful  compound  can  be  made  easily  in  a  laboratory. 


A  simplified,  relatively  safe,  and 
economical  synthesis  of  B,B',B"-trichloro- 
borazine  (BCINH)3  is  easily  practiced  in  a 
standard  organic-chemistry  laboratory. 
The  yield  is  20  to  30  percent  —  a  fairly  ac- 
ceptable value  in  view  of  the  inherent  dif- 
ficulty of  synthesizing  borazines.  Because 
(BCINH)g  is  widely  used  as  the  starting 
material  for  cyclic  B/N  compounds,  the 
new  synthesis  has  potential  for  use  in  in- 
dustry. 

An  experiment  was  performed  to  dem- 
onstrate the  synthesis,  the  chemical  reac- 
tions of  which  are  shown  in  the  figure. 
Boron  trichloride  was  condensed  in 


BCI3  +  2NH3 


3BCUNH, 


(BCI2NH2)  +  NH4CI 


(BCINH)3  +  2HCI 


B,B',B"Trichloroborazine  is  produced  in 
the  new,  simplified  process. 

toluene  and  reacted  with  ammonia  to  form 
dichloroboramine  and  ammonium  chlor- 
ide. 

After  the  excess  of  NH3was  condensed 
into  the  toluene  solution,  the  mixture  was 
refluxed  for  2  to  3  hours.  The  solution  was 
cooled  to  room  temperature,  and  the  white 


ammonium  chloride  precipitate  was  re- 
moved on  a  filter.  The  toluene  was  distilled 
off,  leaving  white  (BCINH)3. 

This  work  was  done  by  Salvatore  R. 
Riccitiello  of  Ames  Research  Center  and 
Timothy  S.  Chen  and  Ming-ta  S.  Hsu  of  HC 
Chem  Research.  No  further  documenta- 
tion is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to  ARC-11643/TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Bringing  Argonne  Research  and  Development  to  Industry 


Aerosol  Sampling  and  Characterization  Apparatus 

Simple,  versatile  sampling  for  today's  technologies 


02-03-0388 


The  apparatus  directs  paniculate-laden  gas 
into  a  chamber  incorporating  a  labyrinthine 
channel  and  sample  collection  stations  that 
remove  particles  by  gravitational  settling, 
interception,  impaction,  and/or  diffusion.  The 
proportion  removed  at  these  stations  and  during 
transport  through  the  labyrinth  can  be  calculated 
accurately  from  theoretical  expressions  or 
empirical  correlations  in  the  literature.  The 
results  of  microanalysis  of  the  samples,  when 
coupled  with  the  thermal-hydraulics  of  the  flow 
and  physical  dimensions  of  the  apparatus,  allow 
calculation  of  the  physical  properties  of  the 
particulate,  such  as  number  concentration  and 
size  distribution,  and  determination  of  chemical 
composition  of  the  material.  Proper  choice  of 
channel  and  sample  collector  dimensions  allows 
the  device  to  be  optimized  for  specific  number 
concentrations,  particle  sizes,  and  thermal- 
hydraulics,  but  to  remain  capable  of  satisfactory 


Outlet 


Sampling 
"  Chamber 
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Inlet  — .    ,-* 
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Outlet 


Outlet 


Collection 
^  Stages 


t  Sampling 
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Sampling 
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performance  over  a  wide  range  of  these 
parameters.  Temporal  resolution  is  obtained  by 
placing  several  chambers,  operated  tinned 
sequentially,  into  a  single  canister. 

The  device  uses  a  nearly  process- 
unobtrusive  technique  to  sample  a  gas  stream 
and  does  not  change  the  properties  of  the  gas 
or  the  entrained  particulate.  It  uses  combined 
collection  techniques  and  performs  well  over  a 
wide  range  of  particulate  characteristics  and 
process  variables.  For  example,  a  device 
optimized  for  1  micrometer  particles  in  flowing 

steam  at  2500  psi  and  800°F  will  have  adequate 
collection  characteristics  over  a  range  of  0.1-50 
micrometers  in  air  at  room  temperature  and 
atmospheric  pressure.  Because  the  device  has 
no  small  orifices,  it  is  much  less  subject  to 
plugging.  Its  cost  is  comparable  to  that  of  the 
more  limited  devices  currently  available.  This  is 


Flow  Path 


Separator  Plate 


Separating  Wall 


Typical 
Collection  Stage 


Flow  PathO 

Separator  Plate 
Manifold  Tube 

Canister  Body 


The  schematic  at  left  shows  the  device's  3  separate  chambers,  each  with  14  collection  stages.  At  right  Is  the 
detail  of  a  collection  stage. 

(over) 
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the  first  available  device  with  a  suitable  range  of 
applicability  and  adaptability,  and  yet  the 
simplicity  and  economic  viability  to  be  used  for 
continuous  or  spot  sampling  in  any  of  the 
scenarios  that  must  be  considered  by  today's 
industries  or  regulatory  bodies. 

Additional  Information 

Key  Words:  aerosol,  sampling,  monitoring,  particu- 
lates, size  distribution,  gas  stream 

Literature:  A      Sampling      System      for     the 

Physicochemical  Characterization  of  Fission-Product 


Aerosols  Formed  During  Light  Water  Reactor 
Experiments.  Aerosol.  Sci.  Technol.  2(2)  (1983). 

Patent  Status:  U.S.  Patent  No.  4,570,494. 

Potential  Applications/Spinoffs:  Useful  in  any 
application  involving  hazardous  materials  and/or 
hostile  environments,  for  example,  close-in  sampling 
of  industrial  combustion  and  hazardous  waste- 
treatment  process  and  effluent  streams,  and  natural 
phenomena  such  as  volcanic  emissions. 

For  More  Information:  Contact  the  Technology 
Transfer  Center,  9700  S.  Cass  Ave.,  Argon ne,  IL 
60439  (31 2/FTS  972-7694). 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 

Continuous  Measuring  of  Superconducting  Cable 


The  emergence  of  superconducting-cable  technology,  fostered  in  no  small  measure  by  the 
TEVATRON  at  Fermilab,  has  necessitated  the  mothering  of  various  "inventions"  intended  to  facilitate 
the  cable's  manufacture  and  use.  A  precision-dimensional  measuring  device  (PDMD)  developed  at 
Fermilab  is  projected  to  have  applications  in  epoxy-frce  coil  winding  where  the  cable  dimensions  must 
be  well  understood  prior  to  winding  in  order  to  predict  the  size  of  the  finished  coil  package.  As  a 
diagnostic  device,  the  PDMD  can  be  used  in  the  cable  making  process  to  aid  understanding  of  the  causes 
for  subtle  inconsistencies  in  cable  dimensions,  leading  to  a  potential  use  in  quality  control. 

The  PDMD  provides  a  method  for  continuous  sampling  of  the  dimensions  of  superconducting  cable 
while  under  the  mechanical  loading  anticipated  in  the  Final  coil  structure.  The  PDMD  measures  average 
thickness,  width,  and  keystone  angle  for  a  wide  variety  of  cable  sizes.  Linear  dimensions  can  be  meas- 
ured to  plus  or  minus  .0001  in.  and  angle  to  plus  or  minus  .01  degrees.  Cable  can  be  measured  with  or 
without  insulation,  and  loading  is  variable  up  to  25  ksl. 

For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia,  1L     60510 

(312)  840-3333 

Refer  to  FAA-378/TN 
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NBS   technology  update 

National  Bureau  of  Standards 

U.S.  Department  of  Commerce  I 

Gaithersburq,  MP  20899  " 

Improving  Analytical  Lab  Quality 


Analytical  laboratories  seeking  help  in  improving  the  quality  of  their 
chemical  measurements  should  find  a  new  NBS  report  useful.    It  is  a 
handbook  that  compiles  several  internal  "task  force  reports"  describing 
the  quality  assurance  program  of  the  NBS  Center  for  Analytical  Chemistry 
(CAC).     In  its  position  as  the  national  reference  laboratory  for  chemical 
measurements,  CAC  has  developed  an  intensive  program  for  measurement 
quality  and  the  technology  transfer  of  this  quality.     The  report  documents 
the  various  aspects  of  these  quality  assurance  practices,  which  may  have 
applications  in  other  analytical  laboratories.     It  includes  sections  on  lab 
safety,  measurement  traceability,  and  maintenance  of  laboratory  records, 
as  well  as  guidelines  for  characterizing  the  chemical  measurement  process 
and  reporting  analytical  results. 

FOR  ADDITIONAL  INFORMATION: 

For  information  on  obtaining  the  report,  Quality  Assurance  Handbook- 
Center  for  Analytical  Chemistry,  contact  the  Center  for  Analytical 
Chemistry,  A309  Chemistry  Bldg.,  National  Bureau  of  Standards,  Gaithers- 
burg,  MD  20899;  (301)  975-3145. 


i 


723 


IMASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Calibration  of  Oxygen  Monitors 

Readings  are  corrected  for  the  temperature,  pressure,  and  humidity  of  the  air. 


A  program  for  a  handheld  computer  has 
been  developed  to  ensure  the  accuracy  of 
oxygen  monitors  in  the  National  Transonic 
Facility  (NTF),  where  liquid  nitrogen  is 
stored.  Calibration  values,  determined  dai- 
ly, are  based  on  entries  of  data  on  the 
barometric  pressure,  temperature,  and  rel- 
ative humidity.  The  output  is  provided  di- 
rectly in  millivolts. 

Operations  at  the  NTF  require  the 
storage  and  pumping  of  large  volumes  of 
liquid  nitrogen.  To  protect  against  the  pos- 
sibility of  a  fault  resulting  in  a  local  oxygen- 
deficient  atmosphere,  the  facility  is  equip- 
ped with  a  monitoring  system  with  an  array 
of  sensors.  The  system  is  designed  to  pro- 
vide a  local  alarm  at  a  first-level  oxygen- 
deficiency  indication  and  a  general  alarm  if 
the  deficiency  progresses  to  a  second 
level. 

During  the  early  operational  stages,  the 
system  produced  recurrent  alarms,  none 
of  which  could  be  traced  to  a  true  oxygen 
deficiency.  A  thorough  analysis  of  the 
system  was  made  with  emphasis  on  the 
sensor  units.  These  units  sense  the  partial 


pressure  of  oxygen,  which,  after  signal 
conditioning,  is  presented  as  a  percent-by- 
volume  indication  at  the  system  output.  It 
was  determined  that  many  of  the  errone- 
ous indications  were  due  primarily  to  a  lack 
of  proper  accounting  for  the  relationship 
between  the  partial  pressure  and  the  per- 
cent by  volume  and  were  due  secondarily 
to  premature  failure  of  the  sensors. 

The  technology  developed  in  response 
to  these  findings  consists  mostly  of  a 
method  for  properly  accounting  for  those 
atmospheric  variables,  primarily  the  baro- 
metric pressure  and  the  relative  humidity, 
that  influence  the  output  of  the  sensors.  In 
addition,  techniques  for  rebuilding  sensors 
were  examined,  and  those  elements  con- 
tributing to  the  failure  of  pressure  sensors 
were  identified. 

To  simplify  the  daily  routine  of  deter- 
mination of  the  actual  percent  oxygen  by 
volume  as  affected  by  the  barometric 
pressure  and  water-vapor  content,  the 
necessary  calculations  were  committed  to 
a  computer  program.  Persons  responsible 
for  the  calibration  of  the  system  use  a 


handheld  computer  that  requires  entries  of 
the  barometric  pressure,  temperature,  and 
relative  humidity.  The  computer  output  is 
presented  directly  in  terms  of  the  sensor 
output  in  millivolts,  requiring  no  further  con- 
version to  arrive  at  the  true  daily  calibration 
value.  This  effort  has  essentially  eliminated 
false  alarms,  and  the  system  now  operates 
with  a  high  degree  of  confidence  and  relia- 
bility. 

This  work  was  done  by  M.  A.  Zalenski,  E. 
L  Rowe,  and  J.  R.  McPheeof  Wyle  Labora- 
tories for  Langley  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
CR-3953  [N8&17359/NSP],  ■•Operational 
Considerations  in  Monitoring  Oxygen 
Levels  at  the  National  Transonic  Facility". 
[A02] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
LAR-13619  /TN 
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High-Resolution  Detector  for  X-Ray  Diffraction 

A  conceptual  unit  would  have  scientific,  medical,  and  engineering  uses. 


A  proposed  x-ray-sensitive  imaging  de- 
tector would  offer  superior  spatial  resolu- 
tion, counting-rate  capacity,  and  dynamic 
range.  Unlike  the  multiwire  xenon-filled 
detectors  and  television  detectors  current- 
ly used,  the  proposed  instrument  would  be 
based  on  laser-stimulated  luminescence 
and  reusable  x-ray-sensitive  film. 

The  new  area  detector  would  be  used 
primarily  for  protein  crystallography.  Its 
small  size  and  convenience  would  enable 
the  determination  of  the  three-dimensional 
structure  of  single-crystal  proteins  im- 
mediately after  growth,  before  the  crystals 
deteriorate.  The  principle  can  be  adapted 
to  imaging  detectors  for  electron  micros- 
copy and  fluorescence  spectroscopy  and 
for  general  use  in  astronomy,  engineering, 
and  medicine. 

The  principal  elements  of  the  proposed 
detector  are  a  recently-developed,  reusa- 
ble x-ray-sensitive  film  and  a  scanning 
assembly  (see  figure).  The  film  contains 
BaFBr:Eu+3  phosphor,  which  stores  a  la- 
tent image  for  several  hours  after  exposure 
to  x  rays.  When  the  film  is  illuminated  by 
visible  light,  the  phosphor  gives  up  its 
stored  image  by  glowing  at  a  wavelength  of 
390  nm  with  an  intensity  proportional  to  the 
x-ray  energy  absorbed. 

According  to  the  concept,  the  detector 
would  scan  the  exposed  film  with  light  from 


Charge-Coupled 

Device 

Scanning  Assembly 


Reusable 
X-Ray  Film 


He/Ne 
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The  Detector  Would  Scan  the  x-ray  film  line 
by  line.  It  would  thereby  extract  the  latent 
image  in  the  film  and  simultaneously  erase 
the  film  for  reuse. 


a  helium/neon  laser  and  simultaneously 
collect  the  laser-induced  luminescence 
with  a  linear  array  of  charge-coupled  de- 
vices. The  scanning  assembly  would  be 
moved  across  the  film  by  a  stepping  motor 
in  increments  of  10  fjm.  The  signal  from  the 
charge-coupled  devices  would  be  proc- 
essed by  a  counter,  digitized,  and  displayed 
on  a  high-resolution  graphical  system.  The 
digitized  signal  would  also  be  stored  on 
magnetic  tape  as  a  quantized  image.  After 
the  film  had  been  scanned,  it  would  be 
ready  for  a  new  exposure. 

The  detector  would  have  a  spatial  reso- 
lution about  equal  to  the  scanning  step  of 
10  pun  —  adequate  for  the  examination  of 
macromolecular  crystals  formed  by  as- 
semblies of  enzyme  complexes  and  virus 
particles.  It  could  be  placed  close  to  the  dif- 
fracting crystal  so  that  the  data  could  be 
collected  in  a  short  time,  and  the  overall 
size  of  the  diffraction  apparatus  could  be 
reduced. 

This  work  was  done  by  Daniel  C.  Carter, 
William  K.  Withrow,  Marc  L.  Pusey,  and 
Vaughn  H.  Yds?  of  Marshall  Space  Flight 
Center. 
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Aeroelastic  Computations  for  Wings  With  Loaded  Tips 

External  fuel  tanks  or  missiles  can  degrade  stability  because  of  unsteady  aerodynamics. 


The  transonic  aeroelasticity  of  wings 
with  tip  stores  (missiles,  fuel  tanks,  or  other 
objects  at  the  wing  tips)  can  now  be  simu- 
lated with  an  improved  version  of  the 
ATRAN3S  computer  code,  which  had  pre- 
viously been  used  to  study  the  behavior  of 
clean  wings  only.  According  to  preliminary 
tests,  the  output  of  the  code  agrees  well 
with  wind-tunnel  data. 

The  computer  code  is  derived  from  a 
coupling  of  the  unsteady/small-disturb- 
ance transonic  aerodynamic  equations 

with  the  equations  of  structural  mction. 
The  tip  store  is  incorporated  into  the 
mathematical  model  via  a  small-disturb- 
ance flow-tangency  boundary  condition 
and  the  distribution  of  the  tip-store  mass. 
The  overall  aeroelastic  equations  of  mo- 
tion are  obtained  by  the  Rayleigh-Ritz 
method,  in  which  the  aeroelastic  displace- 
ments are  expressed  as  a  function  of  a 
finite  set  of  assumed  vibrational  modes.  It 
is  assumed  that  the  deformation  of  a  con- 
tinuous wing  structure  can  be  represented 

by  deflections  at  a  set  of  discrete  points; 
this  facilitates  the  use  of  such  discrete 
structural  data  as  the  modal  vector,  the 
modal  stiffness  matrix,  and  the  modal 
mass  matrix.  In  a  study  based  on  a  physi- 
cal model,  the  modal  data  could  be  ob- 
tained by  influence-coefficient  measure- 


ments. In  a  study  based  on  a  mathematical 
model,  modal  data  are  obtained  by  the 
finite-element  method. 

The  resulting  matrix  equations  of  motion 
are  solved  by  numerical  integration  in  time, 
using  the  linear-acceleration  method, 
which  is  equivalent  to  the  explicit  finite-dif- 
ference Euler  method.  The  aerodynamic 
forces  are  calculated  starting  from  assumed 
initial  freestream  and  wing-boundary  con- 
ditions on  displacements  and  velocities. 
The  resulting  accelerations,  displace- 
ments, and  velocities  are  used  to  compute 
the  boundary  conditions  for  the  next  time 
step.  The  process  is  repeated  for  as  many 
time  steps  as  are  needed  to  carry  the  re- 
sults forward  in  time  for  the  required  inter- 
val or  to  obtain  the  desired  response. 

The  computational  technique  was  ap- 
plied to  a  uniform  rectangular  wing  having 
a  parabolic-arc  airfoil  section  (see  figure) 
and  to  a  wing  similar  to  that  of  the  F-5 
fighter.  Both  cases  were  analyzed  with  and 
without  missile-shaped  tip  stores  having 
masses  about  10  percent  of  those  of  the  re- 
spective wings.  For  the  rectangular  wing 
without  the  tip  store,  the  predicted  flutter 
agreed  well  with  wind-tunnel  flutter  meas- 
urements. For  both  wings,  the  addition  of 
the  tip  stores  decreased  the  vibrational  fre- 
quencies, as  one  would  intuitively  expect 


as  a  result  of  the  increased  vibrating  mass. 
In  both  cases,  the  addition  of  the  tip  store 
decreases  the  aeroelastic  damping  by  in- 
creasing the  unsteady  lift.  These  changes 
in  aeroelastic  response  indicate  that  a 
wing  with  a  tip  store  can  be  aeroelastically 
less  stable  even  though  the  same  wing 
without  the  tip  store  is  stable. 

A  typical  analysis  for  the  rectangular 
wing  requires  about  1  hour  of  central-proc- 
essor time  on  a  high-speed  computer 
(CRAY-XMP  or  equivalent).  The  augment- 
ed ATRAN3S  code  can  be  an  efficient 
compliment  to  wind-tunnel  and  flight  tests 
and  can  thereby  reduce  the  costs  of  aero- 
dynamic designs. 

This  work  was  done  by  Peter  M. 
Goorjian  and  Eugene  L.  Tu  of  Ames  Re- 
search Center  and  Guru  P.  Guruswamy  of 
Sterling  Software. 
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The  Aeroelastic  Behavior  of  the  Rectangular-Planform  Wing  was  simulated  with  the  help  of  the  improved  computer  program.  The  simulated 
motion  in  the  fundamental  vibrational  mode  was  calculated  with  a  speed  of  mach  0.715. 
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Calculations  of  Transonic 
Flow  About  a  Wing 

Navier-Stokes  and  Euler 
formulations  are  applied 
on  zonal  grids. 

A  report  describes  calculations  of  tran- 
sonic airflows  about  a  wing  in  a  wind  tunnel 
by  the  use  of  an  Euler/Navier-Stokes  ap- 
proach in  which  the  flow  field  is  divided  in- 
to several  grid  zones.  The  numerical  solu- 
tions agree  well  with  experimental  results, 
even  in  cases  that  include  significant  ef- 
fects of  the  wind-tunnel  walls  and  shock- 
induced  separations  of  flow  on  the  upper 
wing  surface. 

The  basic  equations  of  flow  used  in  this 
study  are  the  Reynolds-averaged  Navier- 
Stokes  equations  in  strong  conservation- 
law  form.  Two  simplifications  increase  the 
efficiency  of  the  calculation  procedure:  (1) 
in  the  zones  near  body  surfaces,  where 
viscous  effects  are  important,  the  standard 
thin-layer  approximation  of  viscous  terms 
is  used;  and  (2)  in  the  zones  where  viscous 
effects  are  not  important,  the  Euler  (invis- 
cid-flow)  equations  are  used.  Because  the 
Euler  equations  are  applicable  over  a  con- 
siderable portion  of  the  flow  field,  this 
reduces  the  computational  load  signifi- 
cantly. 

The  equations  of  flow  are  incorporated 
into  a  finite-difference  computer  code 
called  TNS  (Transonic  Navier-Stokes).  The 
code  applies  a  standard  second-order- 
accurate,  central  differencing  scheme  to 
the  governing  equations.  A  fourth-order- 
accurate  smoothing  operator  is  used  on 
the  right  and  left  sides  of  the  iteration 
scheme.  The  time  step  varies  with  position 
according  to  the  Jacobian  scaling  (a  meas- 
ure of  the  local  mesh  size  of  the  computa- 


tional grid).  The  code  also  incorporates  an 
easy-to-use  algebraic  turbulence  model 
that  is  consistent  with  the  thin-layer  ap- 
proximation and  can  be  used  to  treat  sepa- 
rated flows. 

The  computational  grid  is  generated  by 
the  solution  of  partial  differential  equations 
that  yield  smooth  meshes  that  conform  to 
the  surfaces  of  the  wing  and  wind  tunnel. 
The  grid  is  divided  into  four  zones:  Grid  1  is 
the  basic  grid  that  occupies  most  of  the 
volume,  excepting  a  small  volume  that  sur- 
rounds the  wing.  Grid  2  occupies  most  of 
the  volume  around  the  wing  that  is  not  in- 
cluded in  grid  1  and  is  about  twice  as  fine 
(along  each  coordinate  axis)  as  grid  1. 

Grids  3  and  4  hug  the  upper  and  lower  sur- 
faces of  the  wing,  respectively;  these  grids 
match  grid  2  in  the  spanwise  and  chord- 
wise  directions  but  are  much  finer  in  the 
direction  perpendicular  to  the  surface  of 
the  wing,  in  order  to  capture  viscous  ef- 
fects on  the  surfaces  of  the  wing. 

An  alternate  grid  for  the  computation  of 
free  airflow  is  constructed  by  the  addition 
of  several  grid  surfaces  to  the  portions  of 
the  grid  that  represent  the  wind-tunnel 
walls.  Thus,  the  wind-tunnel  grid  is  an  exact 
subset  of  the  free-air  grid;  grids  2, 3, 4,  and 
the  portion  of  grid  1  within  the  wind  tunnel 
are  the  same  in  the  free-air  and  wind-tunnel 
cases.  This  suppresses  the  spurious  per- 
turbations of  flow  that  would  be  caused  by 
changes  in  the  grid  and  assures  that  any 
differences  between  computed  wind-tun- 
nel and  free-air  flows  are  due  to  changes  in 


the  outer  grid  zone  and  to  differences  in 
boundary  conditions. 

When  applied  to  a  mach-0.5  flow  about 
a  nonlifting  airfoil,  the  TNS  code  yielded 
boundary-layer  profiles  in  close  agreement 
with  established  boundary-layer  code  re- 
sults: this  verified  the  incorporated  turbu- 
lence model.  Comparisons  between  pre- 
dictions of  TNS  and  experimental  data 
were  also  made  for  a  lifting  supercritical 
case,  with  good  to  excellent  agreement  of 
data  points.  When  applied  to  a  case  of 
massive  shock-induced  boundary-layer 
separation,  the  code  predicted  some  inter- 
esting flow-field  features  for  the  first  time, 
including  a  separation  saddle  point,  a 
node,  a  reattachment  saddle  point,  and  a 
focus.  I 

This  work  was  done  by  Terry  L  Hoist,  ™ 
Karen  L  Gundy,  Men  Flores,  and  Neal 
Chaderjian  of  Ames  Research  Center, 
and  Univer  Kaynak  of  Stanford  University 
and  Scott  D.  Thomas  of  Sterling  Software. 
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Computational  Fluid 
Dynamics  in  Rotary- 
Wing  Aerodynamics 

Emerging  techniques  appear 
vital  to  progress  in  the  rotary- 
wing-airplane  industry. 

A  report  reviews  current  trends  in  the 
field  of  helicopter-rotor  aerodynamics. 
Selected  test  cases  are  used  to  demon- 
strate that  current  research  in  computa- 
tional fluid  dynamics  (CFD)  is  vital  to  the 
analysis  and  design  of  advanced  rotor- 
craft:  experimental  work  in  this  area  is 
extremely  difficult,  and  the  accepted  preci- 
sion being  well  below  that  of  the  fixed-wing- 
aircraft  industry. 

The  following  observations  concerning 
the  role  of  CFD  in  rotor-aerodynamic 
research  are  highlighted: 

•  Helicopter  aerodynamic  CFD  is  on  the 
verge  of  becoming  a  significant  force  in  in- 
dustrial practice. 

•  More  attention  should  be  paid  to  linear 
lifting-surface  theory,  which  unifies  aero- 
dynamics and  acoustics  in  the  simplest 
possible  manner.  The  basic  technology 
and  algorithms  are  already  available  to  the 
industry.  Lifting-surface  theory  should  be 
used  to  develop  automated  optimization 
procedures  within  its  range  of  validity. 

•  Panel  methods  are  relatively  mature  and 
should  be  incorporated  into  preliminary 
analyses  of  design  and  performance,  by 
the  use  of  available  high-speed  proces- 
sors. 


•  The  finite-difference  approach  to  the  ana- 
lysis of  high-speed  rotors  is  slowly  gaining 
acceptance  in  industry.  In  the  next  5 
years,  computer  codes  based  on  potential 
flow  will  be  coupled  to  a  variety  of  available 
wake  models  for  the  analysis  of  perform- 
ance and  loads. 

•  The  emerging  Euler  codes  will  be  capable 
of  capturing  wakes  if  certain  numerical 
problems  induced  by  coarse  grids  can  be 
resolved  by  the  use  of  high-speed  super- 
computers that  possess  very  large  core 
memories. 

•  In  the  future,  full  Reynolds-averaged 
Navier-Stokes  solvers  will  be  used  for  rotor 
analysis.  Such  solutions  for  fixed-wing  air- 
craft are  just  now  beginning  to  appear  in 
the  literature. 

The  development,  validation,  and  ac- 
ceptance of  a  new  generation  of  computer 
algorithms  will  also  be  a  cohesive  force 
within  the  industry.  The  development  of  effi- 
cient tools  of  CFD  will  require  cooperation 
among  industry  and  government  labora- 
tories, with  each  component  having  a  ma- 
jor well-defined  role  in  the  effort.  Industrial 
laboratories  have  the  responsibility  for 
validating  the  codes  and  applying  them  to 
specific  company  products.  Government 


laboratories  are  responsible  for  the  trans- 
fer of  technology,  for  the  development  of 
advanced  computational  hardware,  and 
for  the  development  of  more-generally-ap- 
plicable algorithms.  Both  sectors  must  also 
work  closely  with  the  academic  communi- 
ty in  generating  the  new  ideas  and  con- 
cepts that  will  ultimately  feed  into  industrial 
practice.  The  process  must  also  be  flexible 
enough  to  allow  all  communication  chan- 
nels to  be  as  open  as  possible. 

This  work  was  done  by  Sanford  S.  Davis 
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of  Aerodynamic 
Computer  Program 

Linear  potential-flow  theory 
is  applied  to  an  advanced 
air  plane  design. 


A  report  discusses  the  use  of  the 
PANAIR  computer  program  to  predict  the 
airflow  about  an  advanced  fighter  aircraft. 
The  predictions  are  compared  with  meas- 
urements about  a  scale  model  of  the  air- 
craft in  a  wind  tunnel  at  mach  numbers  of 
0.6,  0.9,  and  1.2  and  at  angles-of-attack 
from  0  to  10°. 

PANAIR  uses  linear  potential-flow 
theory  to  predict  the  subsonic  or  super- 
sonic airflow  about  a  body  of  arbitrary 
shape.  It  is  based  on  the  Prandtl-Glauert 
equation,  which  assumes  that  local  flow 
velocities  do  not  differ  greatly  from  the 
freestream  velocity.  Therefore,  PANAIR 
can  be  expected  to  give  accurate  solutions 
for  cases  in  which  linear  flow  predomi- 
nates. The  advanced  aircraft  in  question  is 
highly  complex,  and  the  investigation  was 
done  to  determine  how  well  PANAIRwould 
predict  the  aerodynamics  of  the  particular 
complicated  geometry. 

The  design  features  a  canard  closely 
coupled  to  swept  wings,  an  engine  with  a 
large  inlet  on  each  side  of  the  fuselage,  and 
an  outrigger  pod  under  each  wing.  Al- 
though the  design  also  calls  for  four  de- 
flecting exhaust  nozzles,  the  PANAIR 
calculations  were  conducted  in  the  zero- 
deflection,  cruise  mode  only.  The  aircraft 
definition  was  specified  in  terms  of  succes- 
sive cross  sections,  and  a  computer-aided 


design  system  was  utilized  to  generate  the 
PANAIR  model. 

The  user  need  only  specify  one  side  of 
the  aircraft  geometry  when  running  zero 
sideslip  cases  such  as  those  in  the  current 
study.  PANAIR  accounts  for  the  symmetry 
about  the  longitudinal  midplane.  In  the 
PANAIR  model,  the  right  side  of  the  geom- 
etry has  990  source/doublet  panels,  184 
doublet  wake  panels  for  subsonic  flow,  and 
243  doublet  wake  panels  for  supersonic 
flow.  The  impermeable  surface  is  modeled 
by  applying  appropriate  boundary  condi- 
tions to  the  panels,  which  model  the  solid 
surface.  PANAIR  does  not  account  for  the 
model  support  in  the  wind  tunnel;  this  may 
contribute  to  differences  between  PANAIR 
results  and  wind-tunnel  data. 

The  flow-through  model  used  in  the 
wind-tunnel  tests  is  approximated  in  the 
PANAIR  model  via  the  boundary  condi- 
tions applied  to  the  panels  at  the  inlet  and 
exit  planes. 

PANAIR  does  not  solve  for  the  shape 
and  position  of  a  wake  from  a  lifting  sur- 
face; these  must  be  specified  by  the  user 
for  the  particular  model.  In  the  numerical 
simulations,  the  position  of  the  canard 
wake  relative  to  the  freestream  had  a  large 
effect  on  the  results.  Canard  wakes 
parallel  to  the  freestream  yielded  results 
closer  to  experimental  data  than  did 


canard  wakes  that  remained  fixed  relative 
to  the  aircraft  throughout  the  range  of 
angles-of-attack. 

Four  supersonic  and  two  subsonic  noz- 
zle-exit flow  conditions  were  studied.  The 
best  supersonic  results  were  obtained 
using  networks  of  panels  at  the  nozzle-exit 
planes  and  wakes  off  the  nozzles.  The  best 
subsonic  results  were  obtained  with  net- 
works of  panels  but  without  wakes  off  the 
nozzles. 

This  work  was  done  by  M.  D.  Madson 
and  L  L  Erickson  of  Ames  Research 
Center.  "Application  of  F AN 'AIR  to  an 
Advanced  Supersonic  Fighter/Attack 
Aircraft, " 
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729 


NTIS  Order  Form 


NTIS 

Telephone  Numbers 

To  Order  Reports 
(703)  487-4650 

For  Subscription 
Questions 
(703)  487-4630 

Other  Information 
(703)  487-4600 

Editorial  Questions 
(703)  487-4805 

Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  information  about  one  day 
RUSH  ordering,  call  (703)  487- 
,4600. 


NTIS  PRICE  CODE  SCHEDULE  * 

This  schedule  gives  the  current  values 
to  the  price  codes  cited  in  those  Tech 
Notes  having  a  backup  report  avail- 
able from  NTIS. 

Microfiche 

A01 $6.95 

Paper  copy 

A02 9.95 

A03 12.50 

A04  through  A05.  .  .  14.95 
A06  through  A09  .  .  .  19.95 
A10  through  A1 3...  25.95 
A1 4  through  A1 7...  32. 95 
A1 8  through  A21  ...38.95 
A22  through  A25  .  .  .  44.95 
A99 Call  for  price 

Customers  in  Canada,  United  States, 
and  Mexico  use  this  schedule.  Other 
addresses  should  write  for  the  price 
listing,  number  PR-360-4. 

Prices  effective  January  1 , 1 988 


Use  this  form  ONLY  to  order  reports  designated  as  available  from  NTIS 


MAIL  ORDER  TO: 


National  Technical  Information  Service 
U.S.  DEPARTMENT  OF  COMMERCE 
5265  Port  Royal  Road 
Springfield,  VA  22161 


Send  me  the  reports  I  have  selected  on  this  form.  I  have  placed  order  numbers 
in  appropriate  blanks  and  have  indicated  the  quantity.  IF  ADDRESS  LABEL 


Last  Name: 


Title: 

Company/Organization : 
Address: 


City/State/Zip: 

Telephone  Number: 

METHOD  OF  PAYMENT 

Q  Check  enclosed  payable  to  NTIS  for  $  .  . 
LJ  Charge  to  my  NTIS  Deposit  Account,  No: 
D  Purchase  order  number: 


Charge  to:       LI  American  Express       DVISA      □  MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER  (Use  only  for  backup  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 


Shipping  and  handling  fee          $3.00 
Total     
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Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 
Transportation  &  Components 
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